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..6 PUT US TO THE TEST 


Pocket Autoranging Multimeter 


[A] At Tandy we stock a wide range of quality multimeters 
for all your testing requirements - everything for the DIY 
enthusiast to the professional! Our Pocket Autoranging 
Multimeter is perfect for on-the-spot testing - wherever 
you may be! Features “beep” continuity test, diode 
check, auto-polarity and low-battery indicator. Measures 
to 400 volts AC/DC, resistance to 2 megohms. Complete 
with miniprobes and folding case. With 2 silver-oxide 
Batteries. 2Rt tse hs, Aaa, sien aias £19.95 
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Benchtop Digital Multimeter 


Featuring LCD display with a built-in 31 segment bar graph 
for simultaneous analogue-type display and data-hold mode 
which freezes both readings until you reset. Built-in transistor 
checker with front-panel pin socket gives you the true 
h., (gain) measurements of small-signal types and separate 
diode-check mode for quick open/short/leakage tests of 
semiconductor junctions. With memory function and buzzer 
continuity checker. Measures up to 1000 volts DC, 750 volts AC 
(accurate from 45Hz to 10Hz) AC/DC current to 10 amps. 
Resistance to 30 megohms. Requires 4 “C” batteries. 

TMD oie gelesen ec yutcvinncvle chs CacyeeddlGnapae SHNGE dn tekydoete wensbe uae beusas £79.95 





For The Best In High Quality Electronics 


Over 400 Tandy Stores and Dealerships Nationwide. 


Tandy (U.K.), Tandy Centre, Leamore Lane, Bloxwich, West Midlands. WS2 7PS. 
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SS 
WIN A SATELLITE TV SYSTEM ................::ccccccccceeseseeeeeeeneaeeees an tue) a 
Answer a few simple questions and have a chance to win 

a superb Connexions CX8520R satellite tv system, 

complete with motor driven dish, remote control, and 

twin channel output. Worth over £1200! 













CONSTRUCTIONAL PROJECTS 


ASS 
LOGIC ANALYSER PART ONE by Michael Sweet .............:: cco 12 
Avery sophisticated unit for use with the BBC computer, 

enabling digital systems to be analysed at full operating 

speed. 

TREMROLON DY: John Becker: io... cis pecciciecgnabctisdagevcdanedesicacwesssssepetene 24 
A novel musical effect unit designed with low-tech and 

hard-up soloists in mind. 

TEACHER TALKBACK PART TWO by Tim Pike ........ cc eeeeeeeeeeeeeeeneee 42 
Chatterbox TP tells how masters and slaves can 

communicate along a GCSE project hot-line. 

DC MOTOR SERVO by David Sanders .............cccseeseeeeeeeeeeeeeeeeeeenens 51 
Practical real world interfacing for mobiles through a 

mixer and motor control system. 





SPECIAL FEATURES 


REAL WORLD INTERFACING PART ONE by Robert Penfold ......... 17 
Most things in nature produce analogue signals, so to 
control them by digital electronics, converting interfaces 

are needed. 


— HEAT SINKS by Stephen: Knight ....5..2......0.00.ccccscccsesccsssssnsaseesesaarecats 29 
A cool headed look at the theory of why heatsinks are 

needed, and how their applications can be treated as 

circuit diagrams. 

SEMICONDUCTORS PART FOUR by Andrew Armstrong ............. 35 
Uses for field effect transistors are growing rapidly, so it's 

vital to understand their pros and cons. 

ELECTRONIC LOCKS PART TWO by The Prof .............ceeeseeeeeeeeees 48 
Still keyed up from last month's security discussion, the 

Prof describes an infrared controlled locking system. 


REGULAR FEATURES 





EDITORIAL — Spanning high tech notes ............ccceceeeeeeeeeeeeeeeeeeeeees 9 
LEADING EDGE by Barry Fox ...............00008. Bae RE CRE 8 
Future British telecommunications 

SPACEWATCH by Dr. Patrick Moore — New millisecond pulsar .... 46 
INDUSTRY NOTEBOOK by Tom Ivall — Market values ................... 57 
MARKETPLACE — what's new, where and Whe ............ccccsseeeeeeeees 4 
PCB SERVICE — professional PCBs for PE Projects .................:08 60 
TRACK CENTRE -— the PCB track layout pages ..........ceeeeeeseeeene ee 32 
READERS’ LETTERS — and a few Aanswe’  .........cceececcssseeeeeeeeeeenaees 39 
BAZAAR — Readers’ FREE advertising S@rviCe ...........ccceceeeeeeeeeeeeeee 41 
TIE F MURI Re SIME OIE oo ingess\apvicncaeivsc ayn ey iesgaernd vad chedaesvanphascseuistaesaveres 62 


NEXT MONTH... 


WE'VE GIVEN MARCHING ORDERS TO — 

A WEATHER CENTRE e SATELLITES e TEACHER LIGHTSHOW e 
AMSTRAD PRINTER PORT e DIGITAL TO ANALOGUE e AND WE’RE 
SNOWED UNDER WITH OTHER TIMELY FEATURES 


SO HARE ROUND TO YOUR NEWSAGENTS FOR 


THE PE MARCH 1988 ISSUE 
ON SALE FROM FRIDAY FEBRUARY 5TH 


THE SCIENCE MAGAZINE FOR SERIOUS ELECTRONICS ENTHUSIASTS 
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NEWS AND MARKET PLACE 
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We have recently received the following catalogues and _ 


literature: 


Maplin appear set to conquer the Universe with their Monster 
1988 buyer’s guide to electronic components, or so it would 
seem from it’s front cover. Could they be conquering time 


travel as well? — if you phone 0702 554161 before 5pm, they — 


promise the same day goods despatch. Otherwise, write to 
Maplin Electronics, PO Box 3, Rayleigh, Essex, SS6 2BR. 

Electroplan Rental have issued their 1987-88 catalogue of 
computing test and measurement products that are available 


for rental. Equipment may be rented for a minimum of one 
week, to over two years. Discount and purchase option plans" 
are also offered. Electroplan Rental, PO Box 19, Orchard 


Road, Royston, Herts, SG8 5HH. 0763 47251. 


IQD Ltd have announced their new 200 page quartz crystal 


catalogue. It’s been completely redesigned around the needs 
of electronic design engineers and buyers, and is apparently the 


largest and most comprehensive frequency control catalogue 
on the UK market. IQD Ltd, North Street, Crewkerne, — 


Somerset, TA18 7AR. 0460 74433. 


IMO have sent their 1987-88 catalogue. They are well known _ 
for their wide range of professional control equipment, and © 
their 300+ page catalogue confirms this reputation. IMO are | 
at 1000 North Circular Road, Staples Corner, London, NW2 


7JP. 01-452 6444. - 


British Amateur Electronics Club have sent another news letter _ 
full of interesting electronics information, and reader feedback. _ 
(How about looking into a low cost DTP system, chaps? It | 
would work wonders with your drawings). For more info on 
the BAEC, write to the Hon Sec, 53 High Oaks Close, Locks © 


Heath, Southampton, SO3 6SX. 


Industry and Education is a quarterly journal, the first issue 
of which has recently been received. Its intention is to cover — 


all aspects of developments in collaboration between higher 
education and industry. It is published by Butterworth Scientific 


Ltd, PO Box 63, Westbury House, Bury Street, Guildford, © 


Surrey, GU2 5BH. | 





Midnight Express 


Nae ae Bank has 
introduced Mid-Night 
Express, an electronic service for 
retailers that helps speed up and 
simplify the process of receiving 
payment for goods and services. 
Mid-Night Express is the first 
in a series of electronic payment 
services to be introduced by 
Midland under the generic name 
‘MidlandTransact’. Based on the 
principals of EFT-POS 
(electronic funds transfer at the 
point-of-sale), it collects and 


distributes certain plastic card 
payments, without the necessity 
of the traditional sales vouchers. 
The customer pays for goods 
and services by handing the 
retailer an acceptable card. 
Initially these will include Access 
and Visa. The retailer then 
‘swipes’ the card through a small 
point-of-sale device. This reads 
the card and a receipt is 
produced. The customer 
confirms the transaction, usually 
by signing the receipt, and the 
sale is completed electronically. 


Arriva Revox 


OLLOWING the successful 

introduction of the C279 
compact audio mixer, Revox 
have launched a plug-in 
expansion module further 
enhancing this flexible unit. 

The new unit gives the mixer 

four additional features: stereo 
noise reduction using dbxII 
processing (encoding/decoding); 
built-in test-tone generator for 
calibration at two levels O0dBu 
and +6dBu; fader start logic for 


Soft Boards 


ADsoft have announced the 

introduction of their new 
printed circuit board design 
program for the Amstrad range 
of computers. 

It will operate on all Amstrad 
CPC computers without the 
need for expansion RAM. Draft 
or final quality printouts can be 
produced at 2:1 scale, using 
Epson compatible dot matrix 
printers, including the Amstrad 
DMP2000. Single and double 
sided boards up to 25 x 25 inches 
(63.5 x 63.5 cm) finished size can 
easily be accommodated, with 
up to 4000 structures (pads or 
tracks) on each board. 4 track 
widths and four pad sizes are 
available and can be freely 
mixed. 

The program costs £19.99 on 
tape and £21.99 on disc and is 
available from: CADsoft, 18 Ley 
Crescent, Astley, Tyldesley, 
Manchester, M29 7BD. 





Multi-Colour Panels 


A new and non-hazardous 
system has been introduced 
by Mega, for the production of 
purpose-designed custom panels, 
signs and labels. 

The Gedakop system offers 
the means of producing labels or 
panels quickly, economically and 
simply on standard formats 





all six inputs as well as the master 
channel; two phono inputs also 
with fader start logic. 

Revox have also introduced a 
carrying case for the mixer which 
can be used whether or not the 
C279 is fitted with the expansion 
unit. 

For more information about 
Revox Equipment, please contact 
F.W.O. Bauch Limited, 

49 Theobald Street, 


- Boreham Wood, 


Hertfordshire WD6 4RZ 
Tel: 01-953 0091 


ranging in size from 250 x 
320mm, up to 500 x 1000 mm, 
with thicknesses from 0.125 to 
3.0 mm. The end product is 
reproduced from the user’s 
artwork on anodised aluminium 
sheeting and as many as 29 
available dyes provide for a 
variety of multi-colour options. 

The anodised aluminium 
sheeting is coated with an 
ultraviolet-sensitive, positive 
working photoresist. Once 
exposed to UV light via the 
positive film artwork, the 
sheeting is developed by spraying 
with water. There then remains 
an ‘open-pore’ positive image of 
the film, and this will accept any 
of the colour dyes. Excess dye 
and unwanted photoresist is 
removed by means ofa stripping 
solution, and this results in the 
coloured design being set into 
the anodised aluminium image 
of the artwork. The complete 
process may take only about 10 
minutes. If necessary, the image 
may then be sealed extremely 
simply, for protection against 
chemicals, scratching and 
adverse weather conditions. 

Introductory kits are also 
available, for feasability 
assessment. 

For further information 
contact: Mega Electronics Ltd, 9 
Radwinter Road, Saffron 
Walden, Essex, CB11 3HU. Tel: 
0799 21918. 
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DFB Laser Diodes 


itachi is introducing two 
new DFB (Distributed 


Feedback) single-mode laser 
diodes which offer exceptionally 
high-speed and long distance 
data transmission characteristics. 
The HL1341 operates at a 
wavelength of 1.3 microns while 
the ML1541 operates at a 
wavelength of 1.55 microns for 
multi giga bit transmission 
speeds. 

The major advantage of the 
new diodes is that they offer a 
single mode signal. More 
traditional multi-mode laser 
diodes suffer because different 
frequencies interact when sent 
through an optical fibre creating 
optical noise. This makes 
increasing the speed of optical 
transmissions difficult. The 
problem is overcome with the 
new single mode DFB laser 
diodes. 

These new devices allow a 
transmission speed of 5 giga 
bit/second or more over a 
distance of 30 km, whereas the 
practical maximum for multi- 
mode lasers is 565 mega bits per 
second over this distance. Both 
of the new devices are available 
in 7 basic package variations. 

The two new laser diodes 
employ a buried hetero-structure 
to offer both high reliability and 
a high-speed response, which 
allows for direct modification of 
5 giga bit/second or higher. These 
products have opened the way to 
the realisation of the giga-bit 
system of optical 
communication. 

Contact: Dave Redpath at 
Hitachi Electronic Components. 
Tel: (0923) 246488. 
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is month’s list of new component details received — 
ips, but other items may be included. 


{OS multifunction periferals for q., 10- and 
versions of 80286 PC-AT compatible designs. 


Trannies 


HE OB (on board) range of 
miniature transformers 
available from Avel now conform 
to the requirements of seven of 

the world’s most exacting 
specifications. The load ratings 
range from 0.8VA to 30VA, with 
the 0.8VA being claimed to be 
the world’s thinnest transformer 
at only 10.5mm (0.413in) high. 
The flat height profile enables 
the 0.8VA version to be mounted 
where there is 0.5in board 
spacing. Others in the range are 
equivalently small, making them 
ideal for direct mounting on 
close spaced pcbs. Their low 
height profile and general small 
size enables a power supply to be 
an integral part of a particular 
board, or section of a circuit, 
rather than drawing power from 
a central psu. 

Dual primary windings can be 
connected in parallel for 120Vac 
and in series for 240Vac nominal 
operation at either 50 or 60Hz. 
Seven dual secondary windings 
can be provided which give 5, 6, 
9, 12, 15, 18 and 24V rms when 
parallel connected and 10, 12, 18, 
24, 30 and 48 rms. when series 
connected. 

Contact: Avel-Lindberg Ltd, 
South Ockenden, Essex RM15 
5TD. Tel: 0708 853444. 


controllers. Ideal for instrumentation, 
play modules etc. Features large program 
es, integral lcd interface, time, interupt 


ible i/o structures. (HT). | 
570. Controller for brushless 3-phase dc 
r -width modulated (switch mode) 
| bit stream. Can also deal with 60° 
ion motors. (ML). 


djJo 


low noise wideband hybrid ic amps 
-and CATV systems in the 40 to 


meters. Small low cost modular pots 
cermet tracks, for pcb mounting, 
tally, and which can be fitted with 
indie (ME). 
and contact telephone numbers for 


(HT) Hitachi, 0923 246488. (IT) Intel, 


(ML) Mullard, 01-580 6633. 
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_ presenter Cliff Michelmore 
hosted the ceremony) si it—s 
. Barry'’sfeature article = 
contributions that won him the - 
award covered the future of 





_ been well respected, and we ar 
proud to have his continuing 








Barry Fox Awarded 













i B arry Fox, one of PE’s leading 
_ 4 contributors, has receiv 


well deserved recognitio 


_ fourth UK Technology P 
Awards. He has won the f 


journalist category award, for 


- contributions to . 


Electronics and New Scientis 
_ The awards were sponsore 


jointly by The Times ai 


Hewlett-Packard, and w 


announced at the end of = 
November during a ceremony 
held at Claridges. Judgesforthe __ 
awards included Doug Eyeions, | 
director of the Computing —s_— 


Services Association, June 


Fraser of the Design Council, 
David Driver, design editor of _ 


The Times, and Jim Brooks, 


chief executive of the British 


Computer Society. Television — 


optical storage, fibre optics, and 


_ the corruption of computer data. _ 
Regular followers ofhismonthly | 


column in PE will be aware of 


trends in a clear, concise and — 


knowledgeable style. Readers 
_ willalso remember his fulllength — 
_ feature on Optical Fibres, Lasers _ 
and Communications, in the PE — 
-November issue. — a 







It was in the early 1970s that 
Barry first began writingforPE, 
at that time publishing under the _ 

_ pen name of Adrian Hope. Since 


then his contributions to PE have 


\ WATEOOBE_ 


Breaking Down 


new device available from 

Hitachi provides the core 
of a residual current circuit 
breaker (rccb) in a space saving 
8-pin sip package. The 
HA16636P contains a differential 
amplifier, a monostable and an 
scr drive circuit, along with a 
reference zener and clamping 
diodes, and includes temperature 
compensation, noise rejection 
and surge voltage protection 
circuitry to ensure reliable 
operation. 

The chip connects directly toa 
conventional zero-phase current 
transformer (zct) which measures 
the sum of the currents flowing 
in the live and neutral wires to a 
load. Ideally, these are of equal 


‘bring youshortly, 
_ The award confirms that top 
people in top places write and 
_ read PE. Congratulations Barry, 


the commitment Barry hasto 
reporting current technological __ 














association with us. Hismonthly | 
Leading Edge column has 
become a traditional part of PE, 
and we have further full length 
features from him lined up to _ 






























sodtiane = 
_ Other contributors to PE have’ 

also found media attention - 

_ during 1987. Tim Pike, author of | 
_ the GCSE project series, | 
_ received recognition through a _ 
_ report on his involvement with | 
_ PEbyaregional newspaper. He 
has since been approached by a 
national tv networkin 
- connection with educational __ 
television. Your Ed, John Becker 
had the geiger counter, that he 
_ designed for PE following the 
Chernobyl accident, 
demonstrated on BBC © 
_ television, accompanied by good 









































_ publicity for PE itself. 

_ We are in no doubt that, 
through the quality of its authors, 
PE is definitely the science, _ 








hnology and education 









magazine for those who are 









iously interested in 
eon. 8 


magnitude but opposite sign, 
giving a net current of zero. Ifa 
shunt path is created between 
either wire and earth, the two 
currents become unequal and 
the residual current is detected. 
The output of the device then 
drives an external scr which 
activates a circuit breaker, 
isolating the load within 10s of 
milliseconds. The only other 
external components required 
are a diode bridge and a few 
passive components for timing 
and sensitivity control. The 
components can be chosen to 
allow the rccb to meet BS4293. 

The HA16636P allows both the 
cost and physical size of rccbs to 
be reduced and is therefore ideal 
for use in mains-powered hand 
tools, domestic appliances and 
consumer products, as well as for 
replacing or augmenting 
conventional fuses in mains 
distribution panels. 

Contact: Hitachi Electronic 
Components (UK) Ltd, 
21, Upton Road, Watford, 
Herts. WD1 7TB. 
Tel: (0923) 246488. 
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Gas Soldering 


DEAL for field servicing use, 

in the laboratory or where 
electric mains connection is 
impractical, a new butane gas 
soldering tool from OK 
Industries can be used with or 
without a flame to enable it to 
double as a welder. It is supplied 
with three attachments to allow 
soldering with a tip, shrinking 
with a hot air nozzle and welding 
with an open flame with 
temperatures of up to 1300°C. 
When used for soldering and hot 
air applications a catalytic 
converter operates. 

The amount of gas and 
temperatures is controlled by 
three adjustment rings, and the 
refined butane gas in the 
refillable cartridge allows for 
about 180 minutes operation. 

Contact: OK Industries UK 
Ltd., Barton Farm Industrial 
Estate, Chickenhall Lane, 
Eastleigh, Hants, SO5 SRR. Tel: 
0703 619841. 
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Airstrip 

es International have 
introduced an all new air 

operated magnet and enamel 

wire stripper into their popular 

L series of strippers. 

The L4 uses rotary inserts to 
strip most film insulations from 
round wires of sizes between 29 
AWG and 4 AWG and can also 
be used for cleaning component 
legs and transformer pins. A 
clean lubricated air supply of 90 
p.s.i. at 18 c.f.m. is required to 
operate the unit. 

Contact: Eraser International 
Ltd, Unit M, Portway Industrial 
Estate, Andover SP10 3LU. 

Tel: (0264) 51347/8. 





Tintinabulation 


EGA Electronics have 
announced the availability 
of a new powder-form tinning 
solution. It is the only one 
currently available that is capable 
of plating tin on tin. 
Introduced as part of Mega’s 
recently acquired Seno range of 


If you are organising any electronic, computing, electrical, 
scientific or radio event, big or small, drop us a line — we shall 


be glad to include it here. 


PLEASE NOTE: Some events listed here may be trade only, 
or restricted to certain categories of visitor. Also, please check 


dates, times and other relevant details with the organisers 
before setting out as we cannot guarantee information accuracy. 
Jan 27-28. Instrumentation Coventry. Trade only. Allesley 
Hotel, Coventry. 0822 4671. 
Feb 24-25. Instrumentation Bristol. Trade only. Bristol Crest 
Hotel, Bristol. 0822 4671. 


Mar 29-30. 


Instrumentation Harrowgate. 


Trade — only. 


Harrowgate Exhibition Centre, Harrowgate, N. Yorks. 0822 


4671. 


Apr 13-14. Laboratory 
Cambridge. 0799 26699. 


Cambridge. 


Kelsey Kerridge, 


Apr 26-28. British Electronics Week 88. Olympia. 0799 26699. 
May 12-14. Compfest 88 — National Computer Festival. Telford 


Exhibition Centre. 0952 505522. 


May 18-19. Laboratory Manchester. New Century Hall, 


Manchester. 0799 26699. 












PCB processing chemicals and 
applicators, the Seno-tin solution 
embodies a number of unique 
features of importance in the 
PCB production environment. 
In addition to its ability to 
plate tin on tin, Seno-tin is 
designed to work at room 


temperature. Once mixed with © 


water it does not crystalise out, 
and deposits the tin in extremely 

small molecules to form a hard, 
bright and non-porous scratch- 

resistant surface. 

The powder may be mixed in 
ordinary tap water, after which it 
has a shelf life of around six 
months; its shelf life in powder 
form is indefinite. 

SENO-TIN is available in bulk, 
ex-stock, from Mega Electronics 
Ltd., at 9 Radwinter Road, 
Saffron Walden, Essex, CB11 
3HU. Tel: 0799 21918. 







Micro-Synth Sig Gens 

LECTRONIC Brokers have 

introduced the Marconi 
Instruments 2018A and 2019A 
AM/FM synthesized signal 
generators, two new 
microprocessor-controlled 
instruments covering the 
frequency ranges 80kHz to 
520MHz and 80kHz to 104MHz 
respectively. 

Microprocessor control 
provides simple and rapid 
operation by direct keyboard 
entry of settings, and the non- 
volatile memory, which can store 
up to 100 settings, further 
reduces measurement time. 
Powerful second functions 
enhance the operation of the 
signal generator and provide the 
user with valuable diagnostic aid 
facilities for use in maintenance 
and calibration. 

Contact: Electronic Brokers 
Limited, 140-146 Camden Street, 
London, NW1 9PB. 

Tel: 01-267-7070 


Digital Radio Service 


HE Department ofTrade and 

Industry have announced a 
new agreement with the 
Electronic Engineering 
Association (EEA) on a work 
programme aimed at the 
introduction of a digital short 
range radio service by the early 
1990's. 

The use of all-digital 
techniques for voice and data is 
a UK first in this field. 

The DTI has commissioned a 
report on the economic costs and 
benefit of short range radio 
which is available free of charge 
from: Radiocommunications 
Division Library, Department of 
Trade and Industry, Waterloo 
Bridge House, Waterloo Road, 
London SE1 8UA. 








Scribbled 


continuity tester with a 

difference has been 
introduced by JASP Internatinal. 
The EEH 75H incorporates 
accoustic and LED indicators to 
faciliate testing procedures, and 
additionally has a push-in writing 
probe so that notes can be 
written done immediately after 
making tests. 

The voltage on the test probe 
is only 2.6V, minimising the risk 
of destroying components under 
test. The unmistakably loud tone 
resulting from satisfactory 
connections is produced by a 
peizo-electric buzzer. 
Simultaneously a LED is 
illuminated. 

The probe measures just 
19mm x 120mm, runs from two 
1.5V batteries, and is protected 
against external voltages up to 
250Vac, providing each test takes 
less than 10 seconds. 

It is obviously a handy tool to 
have around if a multimeter is 
not available. 

Contact: JASP International, 
14 Tudor Close, Wokingham, 
Berks, RGI1 2LU. 


Pico the Pulses 


BM scientists here have made 

and measured the world’s 
shortest electrical pulses, an 
important step in designing the 
ultrafast electronic computer 
components of the future. 

Using a laser and a very fast 
switch, the scientists produced 
electrical pulses lasting only one 
half of a picosecond. A 
picosecond is one trillionth of a 
second. Until this experiment, 
researchers had never broken 
the “picosecond barrier” with an 
electronic device. 

Today’s fastest experimental 
silicon logic devices can switch 
on and off in about 30 
picoseconds; gallium arsenide 
devices in about 10 picoseconds. 
But to investigate the electrical 
behaviour of these devices, 
researchers must be able to 
measure pulses at least 10 times 
faster then these switching times. 

The technique used to make 
the half-picosecond pulses can 
measure electrical pulses up to 
20 times briefer than the 
switching times of the fastest 
present-day devices. 
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Fergi Bopper 

HE Ferguson Bopper PSCO1 

is a brightly colourful 
personal stereo with a ‘soft’ and 
tactile features that should 
ensure an appeal to its target 
audience of children aged five 
and upwards. 

The electronics are safely 
enclosed inside the bright canary 
yellow case to distract young 
prying fingers and it has chunky, 
bold coloured play, stop and fast 
forward buttons; simple slide 
volume control; automatic tape 
stop and large, easy to read 
graphics. 

The Ferguson Bopper comes 
with removable carrying strap, 
belt clip and a pair of safety 
designed headphones, it runs off 
two AA size batteries and sells 
for around £19.99. 

Contact: Ferguson, 
Cambridge House, 

Great Cambridge Road, 
Enfield, Middlesex EN1 1UL 
Tel: 01 363 5353 


New links for Lancs 


lectronic education at 

Lancashire Polytechnic has 
won important national 
recognition for its Higher 
National Diploma Course in 
Electronic Engineering. 

It is the first course to be 
approved by the new Joint 
Academic Accreditation 
Committee which scrutinises 
courses and colleges for 
acceptability to the Institution of 
Electrical and Electronics 
Incorporated Engineers (IEEIE) 
and the Society of Electronic and 
Radio Technicians (SERT). All 
students who get HNDs in 
Electronic Engineering at the 
polytechnic will now 
automatically be eligible for 
registration as Technician 
Engineers (TEng) with the 
Engineering Council. After a 
spell of training and experience 
in industry they will be eligible 
for full membership of the 
ITEEIE or SERT and able to use 
the TEng abbreviation after their 
names. 


Jail House Rock? 


HE hopes of a group of record 

pirates to profit from the 
tenth anniversary of Elvis 
Presley’s death ended in a Dutch 
court recently. What are believed 
to be over a million units of Ips, 
cassettes and compact discs were 
involved in a case brought 
against two Dutch companies. It 
was admitted in court that the 
recordings had been exported to 
11 other European countries. 

The cassettes were made in 

Holland, while the records were 
manufactured in Germany and 
the cds in Korea. The Presley 
recordings offered for sale 
comprised over 20 different 
titles, including Hound Dog, 
Heartbreak Hotel, GI Blues, 
Blue Suede Shoes and Golden 
Hits Vol. 1, 2 and 3.The president 
of the court said that the rights 
of record companies and 
performers were as important as 
those of composers, and since 
the product was obviously 
manufactured without the 
consent of the copyright owners, 
this was a clear case of piracy. 





Professor Norman Burrow, 
Head of the School of Electrical 
and Electronic Engineering, 
said: “This vote of confidence by 
the two major professional 
bodies concerned with technician 
engineers confirms the national 
recognition of the quality of 
engineering education at 
Lancashire Polytechnic. It is a 
just reward for the staff and 
students who have worked hard 
to develop the courses in 
electronic engineering over the 
past few years. Students who 
come to Lancashire Polytechnic 
can be confident that their 
course is one of the best in the 
country and that it will help them 
to find exciting and well-paid 
employment.” 

For further information contact 
Prof. Burrow, or Bernadette 
Evans, at Lancashire 
Polytechnic, Preston, PR1 2TQ. 
Tel: 0772, 22141, Extns 2200 and 
2231 respectively. 
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Transputer Centre 


HE Bristol Transputer 

Centre, a major new 
initiative to exploit British 
technology has recently been 
opened by Professor Ian Barron 
the man behind the invention of 
the transputer at Inmos, and 
Brian Lodge of the DTI. 

Bristol Polytechnic, Inmos 
and the Department of Trade and 
Industry teamed up to launch the 
centre at a cost of £500,000.The 
centre will provide a major link 
between industry, commerce, 
and the academic community. It 
has been established to supply 
information on transputers and 
their applications and will 
develop short courses, 
workshops, applications notes, 
and in-house training packs on 
this important new topic. 

Underpinning this work is a 
flourishing research group 
investigating transputer 
applications in fields such as 
Intelligent Knowledge Based 
Systems and Databases for 
clients in both the industrial and 
financial sectors. 

Initially the centre will have a 
forty transputer system and 
fifteen microcomputer based 
workstations supported by 
Inmos transputer development 
systems, together with a versatile 
selection of specialised boards 
for applications such as graphics, 
disk handling, signal processing 
and communications. 

Contact: Mary Wright, 
Public Relations Office, 

Bristol Polytechnic, 
Coldharbour Lane, Frenchay, 
Bristol BS16 1QY. 

Tel: 0272 656261 ext 2208 





Return Of The Jedec? 


HERMALLOYhas come up 

with an extruded heat sink 
design specifically constructed 
for use with Textool sockets 
which accept jedec Type A chip 
carriers. 

Heat sinks in the new 
Thermalloy 2300 Series form a 
‘lid’, which nicely covers the chip 
and then snaps into a 68-lead 
Textool 268-5400 socket, to 
provide a neat and efficient 
housing without need for thermal 
bonding. 


Contact: MCP Electronics Ltd, 
26-32 Rosemont Road, Alperton, 
Wembley, Middx HAO 4QY. 

Tel: (01) 902 1191. 





Ceka Driver 


S an extension to its ranges 

of screwdrivers for the 
electronic, radio and tv 
industries, CeKa Works has 
introduced a new selection of 
small ‘Micro’ Screwdrivers for 
the most delicate tasks. 

With self centering ‘button’ 
heads and ribbed turning grooves 
moulded into the handles, the 
drivers measure just 85mm from 
button to tip and are available in 
versions to suit slotted, recessed 
or “Trox’ screws: each type is 
clearly identified by its button 
colour and sizes are printed onto 
the handles. 

Tip sizes of the four slotted 
drivers range from the minute 
0.8mm to 1.8 mm, the recessed 
tools are sizes 000, 00 and 0, 
while ‘Torx’ drivers are in four 
sizes from 06 to 09. 

Contact: Ceka Works Ltd, 


- Pwllheli, Gwynedd, North Wales, 


LLS53 5LH. Tel: 0758 612254. 


Screen Printer 


EWfrom Electronic Brokers 

is a particularly handy and 
compact thermal video printer 
that can be used to record 
directly from any crt screen. 

The Thander TP-35 is capable 
of printing a hard copy of any crt 
image — eg, from a computer, 
oscilloscope, spectrum or logic 
analyser. It operates very 
quickly; records are produced in 
only 16.7 seconds for a standard 
screen. It is fully compatible with 
most computer and measuring 
systems and, furthermore, there 
is no warm up time prior to use. 

The printer has input terminals 
for composite video signals, 
separate video signals and 
composite synchronised signals. 
It can also be connected directly 
to any computer; no separate 
interface is required. 

There is a choice of high or low 
resolution printing. Horizontal 
printing pitches are 6 dots/mm or 
3 dots/mm, are switch selectable, 
and there is a user choice of 
positive or negative copies. 

The TP-35 operates virtually 
silently, and also features 
simplified construction and 
built-in testing to assure 
reliability and peak performance 
for years of maintenance-free 
operation. 

Contact: Electronic Brokers 
Limited, 140-146 Camden Street, 
London NWI1 9PB. 

Tel: 01-267 7070. 
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THE LEADING EDG 


BY BARRY FOX 


THE WIRES WON'T TELL 


A new report says that all our information and entertainment could be 
piped to us through broadband optical cables by the year 2010. It could 
happen, but will it? IT can reveal anything — except the future. 










Barry Fox has won a UK Technology Press Award — see page 5. 


oon after writing a feature for this 

magazine on the future of optical 
fibre wideband systems, I got a look at 
a new report prepared for the 
government. 

The department of Trade and Industry 
had commissioned the PA Consulting 
Group to research the ‘Evolution of the 
United’ Kingdom Communications 
Infrastructure’. This followed a 
recommendation made in the Peacock 
Committee report on financing the 
BBC, published in July 1986. Peacock 
had said that BT and Mercury should be 
allowed to act as common carriers, and 
bring television programmes into the 
home as well as providing a telephone 
service. The DTI thought the govern- 
ment should know what the future 
looked like. Now PA has told them. 

In a nutshell, no-one knows how 
Britain’s telecommunications _ infra- 
structure will look in 2010! PA can only 
say it all depends on the people who 
commissioned the study, the Depart- 
ment of Trade and Industry. As it’s an 
interim report, intended as a discussion 
document, the DTI still has time to 
shape the future. But don’t bank on it. 

People in the Information Technology 
business have short memories. Kenneth 
Baker, who started the IT ball rolling 
and breathed fire into the DTI, has been 
through several different jobs since then. 
I fear there are people in the DTI now 
who would have difficulty remembering 
what the IT initials stand for. I doubt 
many of them recognise that the PA 
paper echoes forgotten recommenda- 
tions made in 1982 to Prime Minister 
Margaret Thatcher and her Cabinet by 
another research group, the Information 
Technology Advisory Panel. 

ITAP envisaged a wired society with 
an infrastructure of optical fibre cables 
carrying not just entertainment but 
interactive information technology and 
telecommunication services run by 
British Telecom and rivals. [TAP’s plan 
fell flat when the firms licensed to 
provide new cable systems in Britain 
learned that the Government would not 
provide money, and investors saw the 
project as too risky. ITAP sank without 
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trace, along with Kenneth Baker’s plans 
for wiring up Britain. _ 

According to PA the year 2010 could 
see 80% of homes and 95% of business 
sites connected to a high technology 
national telecommunications grid of 
wide band optical fibre links. On the 
other hand only one in ten homes may 
be connected to a low tech cable 
network. 


NETWORK ASSETS AND INERTIA 
SHARES OF ASSETS AT MARCH '87 
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(100% = £16,250M) 
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Annual investments in infrastructor 
(100% = £1,750M pa) 


Six years after ITAP, the PA report is 
sure of only one thing; although fibre 
optic cable is already used in telephone 
trunk lines it will be 15 years before the 
hardware is cheap enough to run direct 
into British homes. After that, there will 
be a move towards optical fibre, and 
fixed links will replace radio and satel- 
lite transmission for everything except 
broadcast and mobile communications. 





“The differences between scenarios 
are in the pace of this change, not in its 
direction”, says PA. 

Today’s telecoms infrastructure is 
valued at £16.25 billion, of which BT’s 
share is over 90%. 

The Government, says PA, will be the 
most important player influencing the 
changing size of this share. Annual 
investment now runs at £1.75 billion with 
around 20% coming from Mercury, the 
broadcasters, cellular radio operators 
and cable tv companies. | 

“I feel sorry for people who retired 
from telecoms 5 years ago,” Colin Davis, 
boss of the booming Cellnet cellular 
radio service, told me recently. “They 
missed out on all this”. 

PA comes up with a string of possible 
future scenarios. If competition is lightly 
regulated, and BT and Mercury continue 
to be precluded from carrying entertain- 
ment channels on their telephone net- 
work, and if local cable tv companies 
are allowed to carry telephony, there will 
be no incentive for BT to rip out existing 
copper cables and replace them with 
optical fibre. So only around 2 million 
homes will get even simple broadband 
links. 

If the Government adopts a hands-off 
approach, and lets BT'and Mercury carry 
entertainment tv by telephone wire, they 
could run optical fibres into seven 
million homes and half British busi- 
nesses. This policy would be irreversible 
because of the high price of 
compensation. 

If the government intervenes and 
helps wire Britain with a national IT grid, 
up to 16 million homes could be plugged 
into broad band fibre by 2010. This would 
make Peacock’s dream come true, with 
widespread electronic publishing and 
very many people and organisations able 
to originate video material for wide 
distribution. 

One way to achieve a grid, says PA, 
would be to compel BT to share its 
existing underground cable ducts with 
local franchises. If there is one thing in 
the telecoms industry you can be sure 
of for the future, it is that BT will fight 
this proposal tooth and nail. Pr 
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SPANNING HIGH TECH NOTES 


N recent issues the Prof has demystifed some of the facts about 

MIDI. Those articles concerned the theory and simple practice 
behind a universal interface standard of multiple control for 
electronic musical instruments. In future issues, we shall be 
showing further practical ways in which this theory can be 
applied. 

Music and effects contro! is a subject close to my own heart, 
and | know how important MIDI is for the modern musician. The 
Prof has written several books on the subject, one of which, ‘Midi 
Projects’, is available through the PE book service. It makes 
interesting reading. 

High tech music interfaces are of considerable value for those 
who have the equipment and desire to use them. Instrument 
prices are really quite moderate considering the technology 
inside them, and you need not spend a fortune to equip yourself 
with one suited to MIDI control. If you build the interface yourself 
from a published project, it could cost even less. 

However, despite the availability of high tech music making, 
it should not be forgotten that everyone does not necessarily 
want high tech facilities. There are many instrument players who 
are quite happy with their solo guitar or simple electronic organ, 
playing it purely for their own pleasure. Additionally, there are 
those who may belong to a small group for whom mobility is 
as important as technology. Let’s face it, a lot of performers have 
only a rusty old low tech banger in which to stow their gear, and 
do not have space for sophisticated synths, samplers, mixers, 
equalisers and so on, as well as for guitars and a drum kit. All 
they have room left for is an effects box or two that can be slung 
in the boot somewhere. 

From the letters received | know that the needs of these players 
are just as important as those who are high up the scale. The 
interest created by the Bright Fuzz in the May issue, as well as 
by some of my own simple effects designs published at various 
times, confirms my opinion. 

Boxes that produce fuzz, phasing, flanging, tremolo, echo and 
chorus are frequently the only additional effects that many 
performers need. | see further truth of this when | travel on the 
London Underground to the PE editorial offices. Around the 
corridors and escalators of the central London stations there are 
solo musicians, playing everything from guitars, flutes, saxo- 
phones and synths, to harps! Many of them use electronically 
coupled small effects boxes, all only of the type just mentioned. 
I’m not suggesting you join them (though | think some are 
students from music colleges), but the sounds they produce with 
their equipment are well worth imitating. 

With this is mind, | am pleased to publish another simple 
musical effects project as a contrast to higher tech MID/ units. | 
make no apology for its function being nothing new. | have 
designed several tremolos across the years, and this is simply 
a fresh approach using a different technique. /t should fit in the 
boot nicely. 


THE EDITOR 


OUR MARCH 1988 ISSUE WILL BE ON SALE FRIDAY, FEBRUARY 5th 1988 (see page 2) 
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BBC Computer & Econet Referral Centre 


DISC DRIVES 


5.25” Single Drives 40/50 switchable: 


ee REIS RMP AT oT ORCA IR Sa geet ner fal le Er <NODE AE AN Btls BE eae £114 (t 
AMB15 BBC MASTER £385 (a) AMB12 BBC MASTER Econet £315 (a) PS400 400K/640K with integral mains power SUPPLY ............0.6cccccececescseseeceseeeeneeeeeeees £129 t 
AMC06 Turbo (65C - 02) Expansion Module £99 (b) 5 25" Dual Drives 40/80 switchable: oe 
ADCO8 512Protessor £195 (b) ADJ24 = Advanced Ref Manual £19.50 (c) Me GMRUIRY PIN ss ddA sande RICA oe hae Wiehe ak « Se SURE NA Lanes aceon can usb apbooaens v ceawkeco ees £199 (< 
ADF14 =Rom Cartridge £13 (b) ADF10 = Econet Module £41 (c) PD800 800K/1280K with integral mains power SUPDIY........... eee eee ceeeeeeeceeeeeeeeeeeeeeeeaees £229 (< 
ADJ22 Ref Manual Part 1 £14 (c) ADJ23 Ref Manual Part II £14 (c) PD800P 800K/1280K with integral mains power supply and monitor stand...................... £249 (: 

BBC Master Dust Cover £4.75 (d) 3.5” 80T DS Drives: 
joie has ts aml tole ate ee TG A pe EGET SING IO eae SENS, IE OREN yeti cents guneaibalechmmie liye: colic ae £99 (t 
SYSTEM 1 128K Single 640K Drive and bundled software £385 (a) vases Se ee oe aa with integral MaINS PpOWer SUPHIY ........... cc cece cece eeteetteeeeeeeees a Mr tt 
aac shp : aenett sink gaktp atl d A hiro yet ip ad PD352 Dual 800K/1280K with integral mains power SUPPIY ........cc.cccccscscseeseeeeeseeseseseseseeen £187 (t 
j ystem 1 with a 14° Med Res RGB Monitor £599 (a) ‘1 3 

Second Drive Kit £99 (c) Extension Cable for ext 5 25 drive £12.50 (d) PD853 Combo Dual 5.25"/3.5" drive with CD BUN Fay 5 Pras cin cathaees canis a b9'= bebo a eg e Meee Bicbias oie a cie.« Seaisies £229 (< 


View 3.0 User Guide £10 (d) 

BBC Dust Cover £4.50 (d) 

ADFS ROM (for B with 1770 DFS & B Plus) £26 (d) 
ACORN Z80 2nd Processors £329 (a) 


Viewsheet User Guide £10 (d) 

1770 DFS Upgrade for Model B £43.50 (d) 
1.2 OS ROM £15 (d) 

ACORN 6502 2nd Processor £173 (b) 





3M FLOPPY DISCS 


Industry Standard floppy discs with a lifetime guarantee. Discs in packs of 10 


MULTIFORM Z80 2nd Processor £289 (b) ACORN IEEE Interface £269 (a) 51%" Discs 31" Discs 
TORCH Z80 2nd Processor ZEP 100 £229 (a) 
TZDP 240: ZEP 100 with Technomatic PD800P dual drive with built-in monitor stand £439 (a) se r = pen a en is ap : oh ar rs ey ‘i 25 i ae ie oe ae tt 


META Version Ill — The only package available in the micro market that will 
assemble 27 different processors at the price offered. Supplied on two 16K 
roms and two discs and fully compatible with all BBC models. Please phone 
for comprehensive leaflet £145 (b). 


We stock the full range of ACORN hardware and firmware and a very wide range of other 
peripherals for the BBC. For detailed specifications and pricing please send for our leaflet 


PRINTERS & PLOTTERS 















FLOPPICLENE DRIVEHEAD CLEANING KIT 


FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs 
ensures continued optimum performance of the drives. 5'%4" £12.50 (d) 


3" £14.00 (d) 


DRIVE ACCESSORIES 


Single Disc Cable £6 (d) 
10 Disc Library Case £1.80 (d) 
50 x 51" Disc Lockable Box £9.00 (c) 

























Dual Disc Cable £8.50 (d) 
30 ¥ 51" Disc Storage Box £6 (c) 
100 x 512" Disc Lockable Box £13 (c) 
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KROTS (180 cps) sic at £369 (a) and GLP (BBC only):----: er 14GIAP Sid Fee lek ks aes £259 (a) BM7522 amber SCrEEN..-osc ccc ceessseeeees £78 
PLOTTERS All above monitors available in plastic or BOO) Pa 0 IOS YF crc iv aortas £139 
JUKI PRONE WEE OM soo c kc. Fuas abe cbeapalies xed £459 (a) metal case. 
6100 (Daisy Wheel) ...........-.. eee £259 (a) Graphics Workstation ACCESSORIES 
CIS PON) i Sco cas 2k eeh syne ves Se £599 (a) TAXAN SUPERVISION II Microvitec Swivel BaSe ................66668 £20 
NATIONAL PANASONIC PIGUNStE AGS | cic to coe £450 (a) 12” — Hi Res with amber/green options. Taxan Mono Swivel Base with 
XK PTOHO (80 Col. i Sige is: £149 (a) HEM COPADAIINE 0 eA hae £279 (a) MN ss eke os ss eves cnpetph come aae 1s eae eke £22 
Taxan Supervision Ill ..........0..0ee £319 (a) Philips Swivel Base...............ccceeeeee £14 
BBC REE Cable iii IS atts £5 
PRINTER ACCESSORIES MITSUBISHI MGROMIES ay G iets ce dette tojtietes £3.50 
We hold a wide range of printer attachments (sheet feeders, tractor feeds etc) XC 1404 14” Med Res RGB, IBM & BBC Taxan £5 (d)............... Monochrome £3.50 
in stock. Serial, parallel, |EEE and other interfaces also available. Ribbons CTE ie ics: Sticky sh Cnaseiueta hen £219 (a) DT IOS PIL hie Cae ha votes a faae ye eenbes £239 





available for all above plotters. Pens with a variety of tips and colours also 
available. Please phone for details and prices. 
Plain Fanfold Paper with extra fine perforation (Clean Edge): 










UVERASERS 















2000 sheets 9.5" x 11” £13(b) 2000 sheets 14.5” X 11° £16.50(b) Sir recasgt min buirin tmerandmansmaicator | EXT SERIAL/PARALLE 
ie ‘ ; ” ” 2 xposure 
Labels per 1000s: Single Row 3;” x 1 7/16" £5.25(d) Triple Row 2-7/16" X 1 7/16" £5.00(d) ia tha harentul. Us. cave CONVERTERS 
ODEMS Itcan handle up to 5 eproms at atime with an average Mains powered converters 
erasing time of about 20 mins. £59 + £2 p&p. 
M Pee eee nt UV1 as above but without the timer. £47 + £2 p&p. sald apc i Doth: MUMMALEE eeabaegi eh | iavats Plates 
All modems carry a full BT approval 3 inpul/4 output or 1 inpul/3 output Seah eit tek cee oe es ne  Bldieectiénal. CONVERGh..-....9.o005.5 ee 


manual channel selection. Input/ 
output baud rates, independently 
selectable 7 bit/8 bit, odd/even/none 


MIRACLE TECHNOLOGY WS Range 


sers with handling capacity of 14 eproms. UV141 has 
a built in timer, Both offer full built in safety features 
UV140 £69, UV141 £85, p&p £2.50. 





parity. Hardware or software 
handshake. 256K buffer, mains 
powered £375 (b) 


WS4000 V21/23 (Hayes Compatible, 
Intelligent, Auto Dial/Auto Answer)............ £149 (b) 


WS3000 V21/23 Professional As WS4000 
and with BELL standards and battery back up 

































Serial Mini Test 
Monitors RS232C and CCIT 
V24 Transmissions, 


Serial Mini Patch Box 


Allows an easy method to 
reconfigure pin functions 


Serial Test Cable 
Serial Cable switchable at both ends 
allowing pin options to be re-routed or 











PB BUFFER 
Internal buffer for most Epson 




























































































































































































rinters. Easy to install. Inst. linked at either end — making it possible without rewiring the cable indicating status with dual 
BOE VEINORY 7-12 555 TE Ty a £265 (b) pate : to produce almost any cable assay. Jumpers can be used colour LEDs on 7 most 
WS3000 V22 Professional As WS300 V21/23 PB128 128K £99 (c) configuration on site. and reused. £22 (d) | significant lines. Connects 
but with 1200 baud full duplex ................... £450 (a) Available as M/M or M/F £24.75 (d) Line. £22.50 ( 
WS3000 V22 bis Professional As V22 and 
2400 baud full DUPIEX.........ccscescesceceseeeeeeees £595 (a) CONNECTOR SYSTEMS 
WS3022 V22 Professional As WS3000 but EDGE AMPHENOL RIBBON CABLE 
Wilh. only 12007 1200 cages cae lasgdees cans conga £350 (a) I.D. CONNECTORS RS fA rh vigil grey/metre) 
. Speedbiock T wa U entronics 
WS3024 V22 Professional As WS3000 but Noro Meader “Recep GUNN aid 0 156 ‘solder 500p (IDC) 475p hen cop ony 
with only PROG/Z4OO io ih Rie BS £450 (b) 2 x 6-way (commodore) rt 300p 36 way skt Centronics 20-way 85p 50-way 
2x 10-w 150 — (solder) 550p (IDC) 500 : : 
WS2000 V21/V23 Manual Modem.............. £95 (b) 2 12 way oe 0p ssop | 24 way DUG IEEE posse 26-way 120-6 4-way 
DATA Cable for WS series/PC or XT ......... £10 (d) fe Paha (2x81) 175p 220p 475p (IDC) 475p 
2 x 25-way 225p 220p 24 way skt IEEE (solder) DIL HEADERS 
DATATALK Comms Package 2x 28-way |Spectium, 2000 — 500p (IDC) 500p 
* If purchased with any of the above : ay com gi Si rg okt — eis. . un <n x 
AMOS cd. on eae Bag came rie era hare £70 (c) D CONNECTORS 2x 22.way Wan way 700p 36 way 750p 16 pin 50p 11 
PACE Nightingale Modem V21/V23 ws of Ways fed ras aoe kogh GENDER CHANGERS 18 pin 60p 
| : 
MGAGAR 32 me Ee eee £75 (b) ae 15 25 37 2x 50-wayiS100conn, 600p = — 25 way D type o or toe ig 
(Offer limited to current stocks) Ang Pins 120 180 230 350 28 pin 160p 2 
Solder 60 85 125 170 EURO CONNECTORS wee rae ETD | 40pin 200p 
Male to Female £10 
SOFTY Il DIN 41612 : Plug Skt Female to Female £10 
This low cost intelligent eprom programmer can program 2716, 2516, 2 X 32 way St Pin 230p 275p 
2532, 2732, and with an adaptor, 2564 and 2764. Displays 512 byte 2 X 32 way Ang Pin 275p 320p ATTENTION 
page on TV — has. a_ seral and par- Ang Pins 160 210 275 440 3 X 32 way St Pin 260p 300p RS 232 JUMPERS 
allel |/O routines. Can be used as an emulator, cassette interface. Solder 90 130 195 290 3 X 32 way Ang Pin 375p 400p 6 ai nath All prices ‘in this double 
Softy! ese Sek £195.00 (b) IDC 195 325.375 — IDC Skt A + B 400p 24" Single end Male £5.00 | advertisement are sub; 
568 i tras StHood 90 95 100 120 IDC SktA +C 400p 24"" Single end Female £5.25 change without notic 
: ea pti thes Baa Ae For 2 X 32 way please specify Saipan £10.00 | ALL PRICES EXCLUDE 
SPECIAL OFFER te spacing (A + B,A + C). 24° Male Female £9.50 Please add carriage { 
unless indicated as fc: 









2764-25 £2.50 (d); 






















TEXTOOL ZIF MISC CONNS DIL SWITCHES (a) £8 (b) £2.50 (c) £1.: 
27128-25 £2.75 (d); SOCKETS 24-pin £7.50 21 pin Scart Connector 200p 4-way 90p 6-way 105p £1.00 
6264 LP-15 £2.80 (d); 28-pin £9.10 40-pin £12:10 8 pin Video Connector 200p 8-way 120p 10-way 150p 
















Using ‘Prestel’ type protocols. For informatio 


TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764 


and orders — 24 hour service, 7 days a week 
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oe: ras wr LINEAR ICs COMPUTER COMPONENTS 
74283 
0.30 TBA231 
74742 74LS$280 4078 ADCO808 11.90 LM710 CPUs 
0.30 7 74290 74LS283 4081 AM7910DC 25.00 J LM711 TRARY ecb 75159 a icpedl Hs og 
0.30 bre 74L$290 4082 AN103 2.00 LM723 TBA810 oe ts TMS4500 75160 socks 
oe 74298 74LS292 4085 AN-1-5050 LM725CN TBA20 ses pr TMS9901 2716-45 75161 
perd 74351 74LS293 4086 AY-3-1350 LM733 Teaegom detest TRISSOG 2532-45 75162 AY52376 11.50 
om 743654 74L$295 4089 AY-3-8910 LM741 TBA920 Fisted eee TMS9914 2732-45 75172 740922 5.00 
oo | 743664 74\$297 4093 AY-3-8912 LM7747 TBA950 phe “ae 2764-25 75182 74C923 6.00 
os 74367A 74LS298 4094 CA3019A LM748 T9109 sae aie 27064 75188 
ge 74376 74LS$299 4095 CA3020 LM1011 TCA270 so 380 re io 27128-25 75189 
oan 74390 74L$321 4096 CA3028A LM1014 TCA940 joa en ZBOAPIO 27256 75365 BAUD RATE 
74393 74LS322A 4097 CA3046 LM1801 TDA1010 omg 27512 75450 GENERATORS 
0.30 6809 650 | Z80ACTC 
74490 74LS323 4098 CA3059 LM1830 TDA1022 27513 75451 
0.30 74LS324 4099 CA3060 LM1871 TDA1024 ree 10.00 Z60DART 270128 aah 
oso 74L$348 4501 CA3080E LM1872 TDA1170S ee tae ee ee 27256 phon MC14411 7.50 
ng 74L$352 4502 CA3085 LM 1886 TDA2002 ersose” | ee sean COM8116 6.50 
0. 74.$353 4503 CA3086 LM1889 tone pee. ae A eA 75480 47028 7.50 
~ 74LS356 4504 CA3089€ LM2917 TDA2004 er i Geel aohr ee 75491 
- 74LS363 S ial | CA3090A0 LM3302 TDA2006 ben on 75492 
- 74LS364 peci a 4506 CA3130E LM3900 TDA2030 sets 700 8126 
y 74LS365 4507 CA3130T LM3909 TDA2593 ‘ 
Ao 74LS366 offer 4508 CA3140E LM3911 TDA2653 Hin pe ign streced shiek nhs AY3-1015 3.00 
‘o SEE “0 Teme ed ieee roxeee 750 | BBA HB | cmon sm | won 750 | esr 30 
0.32 to 8086 22.00 | 2808PI0 8197 COMBOT? "388 
74LS00 74L$373 4512 CA3160E LM3916 TDA7000 vada te a iM6402 450 
0.43 74LS01 74LS374 4513 CA3161E LM13600 TEA1002 esis Z780BDART B1LS95 
0.30 74LS02 74L$375 PE 4514 CA3162E M51513L TLO61CP 8087-8 pesite! 
_ 74LS03 74L$377 4515 CA3189E M51516L TL062 8088 eee MODULATORS 
. 74LS04 74LS378 4516 CA3240E MB3712 TLO64 8741 
0.30 74LS05 74L$379 read ers 4517 CA3280G MC1310P TLO71 8748 reget 6MHz 3.75 
0.40 74LS08 74. $381 i 4518 07002 1413 TL072 TMS 1601 CRT hnet 8MHz 4.50 
- 74LS09 74. $385 on y _ 4519 DAC1408-8 MC 1458 TLO74 TMS9980 CONTROLLER [iigem 
, 74LS10 74LS390 re) 4520 DAC0800 MC1495 TLO81 TMS9995 ; enka SOUND & 
~~ 7aLS11 74LS393 1 0 Yo off 4521 DAC0808 MC1496 TLO82 V20-8 
\ 0.70 : ; 9637AP VISION 
74LS13 74LS395A 4522 DG308 MC3340P TLO83 V30-8 MEMORIES 
1.00 74LS14 74L$399 on 4526 HA1366 MC3401 TLOB84 280 CRT5037 12MHz 12.00 
1.10 74LS15 74LS445 4527 ICL7106 MC3404 TLOS4 Z80A CRTEE 
0.70 74LS20 74LS465 4528 ICL7611 MF10CN TL430C 2808 sibthias CRYSTALS 
\ 100 74LS21 74467 a i ; 4529 ICL8038 MK50240 UA759 Z80H pACON See ae 
\ 1.00 74LS22 74LS490 4531 ICM7555 ML902 UA2240 ‘ 
1.00 EF9366 1.6432MHz 2.25 
74LS24 74LS540 TILS 4532 ICM7556 ML922 UCN5801A 2114-3 1.00 
0.36 \4- EF9367 DISC 2.00MHz —2.25 
74LS26 74L$541 4534 LC7120 MM6221A ULN2001A 4116-2 $30'T ‘epeaso sistent 
0.35 J 741527 74. S608 d 4536 LC7130 NE529 ULN2002A SUPPORT 4164-15 Sask Sapranae CONTROLLER ‘ai 
0.38 74LS28 74LS610 a n 4538 C7131 NE531 ULN2003A DEVICES 41256-15 3.00 ; 
0.38 J 741S30 74.612 4539 LC7137 NE544 ULN2004A he SERIA le mganed ICs 2.45760MHz(S) 
055 J 741832 TAL S624 CMOS | «« LF347 NE555 ULN2068 wiCee9? 2.50 
0.50 § 741S33 ULN2802 SATIS 3.00 | SFF96364 2.5MHz 2.50 
74LS626 4543 LF351 NE556 2651 5101-3 4.00 ™MS9228 276MH 1.50 
0.45 ff 74LS37 74628 1 ULN2803 . 3 ee 
0.45 74LS38 wae oo whiad oe $242 6116LP-15 2.80 3.5795MHz 1.00 
pee me 74629 4553 LF355 NE565 ULN2804 3245 62256 13.00 TESA 4.00MHz _—‘1.50 
so 4LS40 74.S640 4555 LF356N NE566 UPC575 6520 6810 2.50 6843 4.194MHz 2.00 
74LS42 74LS640- 4556 LF357 NE567 UPCS592H 6522 INTERFACE ICs Bizz 4.43MHz 1.00 
04s | raises 74. S641 LUNG te 4557 LF398 NE570 UPC1156H 6522A FORT 49152MHz2 2.50 
068 | 7a.sas 74L$642 24Al $00 4560 LM10CLH NE571 UPC1185H 6532 ADCO808 1.00 F01791 500MHz ‘1.50 
1 ue 74. $642-1 saatso7 4566 LM301A NE592 XR210 6551A ADS61J 20.00 FD1793 5.068MHz 1.75 
105 J raiser 74. S643 vant Sod 4568 M307 NE5532P XR2206 AM25S10 3.50 FD1797 6.00MHz 1.40 
po 74LS54 74S643-1 74ALS08 4569 LM308CN NE5533P XR2207 6821 AM25LS2521 WD1770 Saha \- 
Maa: 74LS55 74644 74AL S10 4572 LM310 NE5534P XR2211 5.75 68B21 3,50 w01691 7.00MHz «1.50 
74LS73A 74LS645 741520 4583 LM311 NE5534AP XR2216 6.75 68040 AM2 uate 
2.10 J4LS74A 5LS2538 7.16MHz 1.75 
; nes 74LS645-1 74ALS32 4584 LM318 OP-07EP XR2249 1.20 68B40 3.50 WD2793 8 OOMH2 150 
: 74LS75 74LS668 J4ALS74 4585 LM319 PLLO2A ZN404 1.00 6850 AM WD2797 ; 
0.70 74LS76A 26LS31 1.20 8.876MHz 1,75 
, an 74LS669 74AL$138 4724 LM324 RC4136 ZN414 0.80 68B50 AM26LS32 1.20 10.0CMHz 175 
: 8 sang. gl 74LS670 74ALS139 14411 LM334Z RC4151 ZN419P 1.75 6852 AM7910DC 25.00 ‘nienasite .. ake 
ged cana 74LS682 J4ALS244 14412 LM335Z RC4195 ZN423E 1,30 6854 DM8131 6.00 CHARACTER 1070MHz 1.50 
74LS683 74ALS245 14416 LM336 RC4558 ZN424E 1.30 68B54 DP8304 4.50 
\ 0.60 J 74LS86 74. S684 14419 LM339 $50240 ZN425E8 —3.50 281.22 a GENERATORS 11.00MHz 3.00 
0.80 | 741S90 74.687 eam 14490 LM348 SFF96364 ZN426E8 3.00: | 8154 74S188 roan UE Ba anced dio 
D 
3 — 74LS92 74LS688 HMeciggmati 14495 LM358P 5.490 ZN429E8 6.00 | 8155 745287 sem ; me RO32513UC tects fe 
| ” 74LS93 74783 145000 M377 SN76013N ZN49BE8 «4.50 8156 745288 aes an 7.50 saa . oie 
i 080 | 74.8958 14599 LM380N-8 SN76033N ZN429E8 —.2.25 74S387 ehess 325 | R0325131C ‘oka ee 
74L S96 22100 LM380N SN76115N ZN447E 9.00 8205 82$23 As " 7.00 panes: © 
) 0.75 74LS107 22101 M383 SN76489 2N448I 750 8212 825123 8836 1.50 16.00MHz 2.00 
0.55 8216 DS8838 2.25 17.734MHz 1.50 
| Shia bask 22102 LM384 SN76495 ZN449E 3.00 828129 07002 a0e san 
40014 LM386N-1 SN76660 ZNas0E 7.80 | 8228 TELETEXT nts a 
1.10 | 7418112 8226 MC 1488 0.60 18.432MHz 1.50 
40085 LM387 SPO256AL2 ZN459CP 3.00 am ©) 1 Of 0) B) 431 
: 
1.00 4L$114 ete posh or tng sabre’ ‘ane 8237 MC3446 20.000MHz 1.50 
0.55 | 7418122 prin tes aia a a IRE MC3459 SAA5020 24.000MHz ‘1.75 
0.70 74L$123 74S02 40X08 hasacH +ayb04 Z7NA234E 9.50 8243 MCS3470 SAA5030 48.000MHz = 1.75 
0.80 f 74LS125 74S04 pti ssAho vase 8250 MC3480 SAA5041 116MHz 2.50 
0.65 74LS126 74S05 40103 TA 8251A MC3486 SAA5050 PXO1000 =: 12.00 
055 | 74.8132 74808 sho 7222 8253C-5 MC3487 
055 | 74LS133 1m 40105 de Sa 8255AC-5 MC4024 
0.75 74LS136 74811 inthe 8256 MC4044 Please note: 
pre neti phon 40107 8257C-5 Tee Mccss3 All prices are subject to 
nm gitar 74$30 40108 VOLTAGE REGULATORS 8259-5 UPGRADES Baby change without notice. 
1.30 | 7419147 74$32 sate 8275 75107 Only current prime grade 
2.70 | 74.S148 74$37 nae 1A FIXED VOLTAGE PLASTIC TP220 asics 75108 components stocked: 
1.10 74LS151 74838 +VE we 8282 75109 : 
1.70 | 741S152 74S40 por aa wena £120 75110 We also stock a wide 
1.40 | 741S153 74851 tibia 4 od aoe one 8284 8087.8 e160 | 75112 range of: Transistors, 
| 1.75 | 7418154 74S64 8287 : 75113 Diodes, Triacs Plasti 
74.155 74874 40174 6V 7808 0.50 7908 8288D 80287-5 £160 lodges, iriacs astic, 
oo | ratsis6 74S85 40175 12V 7812 0.45 7912 B755A 0267-6 aso Bridge Rectifiers, 
ee Kevpaies 74586 40192 18V 7815 0.50 7915 suche sey Bok Thyristors and Zenors. 
0.80 } 74LS158 748112 pedis Lia bly a ahi 75122 Please phone for details 
090 1 74LS160A 748113 40194 24V 7824 0.50 7924 cescal Pp 
225 | 74LS161A 748114 40244 
1.10 | 74LS162A 748124 yet 1A FIXED VOLTAGE PLASTIC TO92 OTHERS OPTO-ELECTRONICS 
Ate Poe wont Josie 5V 78L05 0.30 5V 79L05 BPX25 0.125" or BPX25 
he ase iosg 745138 40374 6V 78L06 0.30 12V 791.12 BPW21 BPX34 
v.16 ae ae A hip 80095 8V 78L08 0.30 15V 79L15 ORP12 REDTIL2090 0.128 © T,790 BPW21 
1.20 caine aie 80097 12V 78L12 0.30 ORP60 GRNTIL211 0.168 = Ty 99 cay! 
¥.10 Pepe minh, & 80C98 15V 78L15 0.30 ORP61 YELTIL212 0.208 ty o96 FND357 
cas 74L$170 74S153 SFH205 Rect LEDs MAN74.DL704 
IGY : 7 
tse | rusia to | st OTHER REGULATORS ae ey uae 
4.20 74LS174 748158 COUNTERS MAN6610 
140. § TASI7S Lech 10 LED 74C925 MAN89100.8" 
1.10 | 74LS181 74S 169 
ky Roopa i bees REELED Bar Graph 74C926 NSB5881 
Red 74928 ORP12 
1.00, J 7418190 po hes ape Green ZN1040 SFH305 
74S 188 LM323K 
pre anna 74S189 L78HO5SKC ave MAN6610 LM3914 ck 
1.00 | 74LS1944 748194 DISPL NSB5881 LM3915 ens 
3.40 74LS195A 74S195 FND357 1.00 TIL311 LM3916 agi 
1.40 74LS196 74S 196 FND500/TIL370 TIL728 UDN6118 4a sha 
1.80 74LS197 74S200 1.00 TIL7300 UDN6184 pps 
A 1.80 74LS221 748201 VARIABLE REGULATORS FND507/TIL729 MAN8910 ULN2003 
1.30 | 74LS240 ae spunea 1.00 § MAN8940 ULN2004 OPTO ISOLATORS 


74S240 
748241 
748244 
748251 
748257 
74S258 
74S260 
74261 
74S283 
74S 287 
748288 
748289 
748299 
74S373 
748374 
74S387 


LM317T 

LM317K : MAN71/DL707 
LM337T 1.00 
LM350T 

LM723N 


1.30 74LS241 
1.10 | 74LS242 
1.15 | 74LS243 
1.10 | 74LS244 
0.80 74LS245 
1.30 | 74LS247 
1.10 | 74LS248 
2.20 | 741249 
2.20 | 741S251 
1.10 } 74LS253 
1.00 | 74LS256 
1.50 | 74LS2457A 
0.80 | 74LS258A 
2.00 | 74LS259 
1.40 | 74LS260 
1.70 | 74LS266 


ULN2068 
ULN2802 
ULN2803 
ULN2804 
75491 
75492 


DISPLAY 
DRIVERS 


TIL111 
TIL112 
TIL113 
TIL116 
6N137 
6N139 


MAN3640 1.75 
MAN4640 2.00 


SWITCHING REGULATORS ; , 
ICL7660 Spin. Sp Baas 
$G3524 14pin 10p 14pin  35p 
TL494 16pin 1p 16pin 40p 
TL497 

78S40 

RC4195 


25p 18pin 50p 
20pin 60p 
22pin 65p 


TURNED PIN 


20pin 450p 2Bpin 
| LOW PROFILE SKTS 


24pin 55p 40pin 


18pin 25p 
14pin 30p 


16pin 35p 
18pin 40p 


PLEASE ADD 50p p&p & 15% VAT 
(Export: no VAT, p&p at Cost) 


Orders from Government Depts. & Colleges etc. welcome. 


= 


Tecunom atic Lrp 


MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
(Tel: 01 208 1177) Telex: 92280C Tel: 01-723 0233 
305 EDGWARE ROAD. LONDON W2 


Detailed Price List on request. 
Stock items are normally by return of post. 


VISA 
SAE 
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CONSTRUCTIONAL PROJECT 








HE Logic Analyser collects signals 
along eight data lines, sampling at 
regular very short intervals. The signals 
collected are ttl logic level voltages and 
are interpreted as 0 or 1 in the usual 
way. The user attaches probes to test 
points which he has chosen on the target 
system, these collect the test signals 
(data). The target system is the system 
whose operation the logic analyser is 
being used to test, and any number of 
test points up to the maximum of eight 
may be investigated simultaneously. 
The sampling frequency may be 
chosen between 1MHz and 16MHz. The 
‘input data is stored in the on-board ram 
and is subsequently transferred to the 
ram of the host microcomputer, the 
BBC-B. The data extends to 2048 bytes 
and since this represents a short time 
interval at any of the sampling frequen- 
cies it is normally necessary to define 
when the sample should be taken in 
order to obtain useful information; a 
random sample covering a few micro- 
seconds is unlikely to reveal anything of 
interest. This definition is achieved by 
setting some or all of the 24 triggers and 
condition bits available on the analyser. 
Again the probes by which these signals 
are relayed to the logic analyser may be 
attached at chosen points on the target 
system. The logic analyser will “trigger” 
or collect the data sample only when all 
the trigger and condition bits correspond 
to the chosen settings. The data storage 
may be chosen by the user to be after 
the occurrence of the trigger condition 
(POST) or up to this event (PRE); this 
choice is by a prompted keyboard entry. 
Skilful selection of trigger conditions is 
important in obtaining useful results 
with this, and with any, logic analyser. 
The collected information is processed 
by the BBC-B and the user has a wide 
choice of how the data is presented, 
again by prompted keyboard entry. The 
following article describes these options 
and also gives some examples of the use 
of the trigger and condition bits. The 
logic analyser is useful in achieving an 
understanding of the operation of a 
perfectly working target system as well 
as enabling both hardware and software 
errors in a faulty system to be pin- 
pointed. The user-friendly software 
available for this device ensures an ease 
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LOGIC ANALYSER 


PART ONE BY MICHAEL SWEET 


SAMPLE AND UNFOLD 


This board is for use with the BBC microcomputer, and enables target 
systems to be analysed at full operating speed with logic level, cycle-by- 
cycle or disassembled displays. 


re Nee x SOE ANAT O TOO ae 


of operation unusual in logic analysers. 


OUTLINE OF OPERATION 


Essentially the device clocks data into 
on-board ram at a user chosen frequency 
between 1 and 16MHz. Data collection 
is started (or terminated) by the 
occurrence of a preset trigger condition 
depending on whether the user has 
chosen post (or pre) trigger mode. The 
source of the data and trigger signals is 
normally a microprocessor based system 
which is under investigation, henceforth 
referred to as the target system. Sub- 
sequently the contents of the on-board 
ram are downloaded to the BBC ram 
where it is then treated to create data in 
various useful forms which are discussed 
later: these may be used to fully explore 
the way in which the system under in- 
vestigation has behaved at its operating 
frequency. The most powerful of the 
options is a disassembled listing of the 
steps taken during the full speed 
operation of the target system. Software 
is provided to allow signature analysis 
of each of the 8-bits comprising each 
data word. 

The risk of spurious data occurring in 
the BBC ram is minimised by the 
buffering of all signals between the 
board and the BBC, the buffers being a 
high impedance state for all but the few 


- microseconds necessary to transfer data 














following a data collection cycle. 
While a Z80 version is available the 

6502 version is the most advanced and 

reference to this is most often made. 
The specifications are as follows: 


SIGNAL INPUTS FROM SYSTEM 
UNDER INVESTIGATION 


24 trigger inputs. Each has a don’t 
care option. 

1 synch pulse. The synch line must be 
connected to the 6502 pin 7. 

1 clock qualifier. 

8 bit data word input. 


Each of the above is via buffered 
inputs. 


SIGNAL INPUTS/OUTPUTS TO 
BBC MICROCOMPUTER 


Buffered address and data lines to 
allow transfer of data from ram on the 
logic analyser board to BBC internal 
ram together with control signals. All via 
a rom socket connector. 

Eight outputs and one input acting as 
control signals to ensure proper opera- 
tion. All via a user port connection. 






Michael Sweet is the Senior Lecturer in’ 
physics at Robert Gordons Institute of 
Technology, Aberdeen. 
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Fig. 1. Main analysis control circuit diagram. 
Letter Codings: 
(A) Buffers enabled during data collection stage 








Buffers enabled during data transfer stage 
© Address generation counters 
() Pre/post trigger signal routing é 
® Comparators for trigger condition 
®) Hex switches to preset trigger condition - 
© Care/Dont care connection switches ° 
(The same codings apply to Fig. 2. and to the PCB 
details in Part Two next month). 
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See also Table 1. S 
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TRIGGER 


TRIGGER AND CONDITION 
LINES TEST CIRCUIT 


Fig. 2. Trigger selection circuitry. 
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TRIGGER 





ON-BOARD CLOCK 

Choice of frequency 16, 8, 4, 2, 1 
MHz. This range is very suitable for 
processors in the frequency range 1- 
4MHz. The lower frequency limit could 
be extended at modest extra cost. (For 
example, by an extra counter.) 


TRIGGER CONDITION/STORAGE 
MEMORY 


There are 24 trigger inputs, each with 
optional don’t care setting. The recom- 
mended use is for 16 of these to be 
attached to the system address bus with 
the other 8 for other signals as desired 
but all 24 may be used in any way the 
user considers appropriate. The inputs 
are described as 16 trigger bits and 8 
condition bits. For the recommended 
connections a plug-in connector to 
replace the 6502 microprocessor on the 
target system is available, which reduces 
problems with multiple leads. 

There is also an 8 bit data word input 
normally connected to the data bus lines. 
This is the data which will be stored as 
2048 x 8 bit words. Bits from the data 
word may also be used as trigger condi- 
tion bits by connecting them in parallel 
to trigger inputs. This combination 
allows a wide range of data and trigger 
options and includes storage of 8 bit data 
on a 16 bit address trigger condition, 
which is a powerful option. The full 2048 
x 8 bit storage may be chosen to be pre- 
or post-trigger condition. 


DISPLAYS 


Data as acquired, cycle by cycle data, 
disassembled code* or opcode only 
data* may be displayed on the BBC 
monitor a page at a time or sent to a 
printer. Alternatively the 2048 words of 
as acquired data may be displayed in 
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logic level format 32 words at a time on 
the screen. Disassembled code with 
absolute address may be displayed or 
printed, as may also signature analysis 
data. 


SOFTWARE 


The supporting software is in BBC 
Basic with a judicious mix of assembly 
code for operations requiring high 
speed. The software is such that the user 
is taken step by step through the 
necessary choices and while the 
operating instructions and hardware/ 
software details presented in later 
sections may help and extend the 
understanding of the instrument only 
Appendix 1 is essential and only then in 
the event that the interrupt vectors of 
the systems are unknown and accurate 
disassembly through interrupts is 
required. In this event the device may 
be used to find these vectors using a 
method detailed in Appendix 1; this is 
specifically referenced by the software 
at the appropriate point. 


DISASSEMBLY/OPCODE 
LISTINGS OF DYNAMICALLY 
ACQUIRED DATA 

The actual program as executed by the 
target system may be presented on 
screen or printer in disassembled form”. 
This allows a full check so that deviations 


“*for 6502 and Z80 microprocessors only 
at present. Also for these facilities the 8 
data inputs MUST be connected properly 


to the system data bus. A screen warning 
to this effect is given at the appropriate 
aaae 





| Vee & Ve, connections not shown, also each pack- 
age has 0.14F decoupling capacitors not shown 





from expected operation may be diag- 
nosed. This is equivalent to a full 
processor speed single stepping facility 
but is more powerful as it is more 
efficient to operate and allows access to 
interrupt handling routines, a feature 
absent from manual single stepping. The 
full facility is available for the 6502 
processor only at present but the soft- 
ware may be extended to include others. 
Available for all processors is the cycle 
by cycle listing which gives the data bus 
contents at each successive cpu clock 
cycle and enables the operator to follow 
the instruction sequence cycle by cycle. 

These features make the device rather 
more oriented to the software engineer 
than most logic analysers and aims to 
bridge the gap between hardware and 
software personnel while remaining a 
powerful hardware tool. The features 
described also make it a powerful aid in 
the teaching of microprocessor 
principles. 
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COMPONENTS | 
RESISTORS 
~RI-R4 (Oko) | 
R5—-R12 Ik (8 off) 
R1I3-R36 470 (24 off) - 
All resistors ’2W 2% metal oxide 


CAPACITORS 
Cl —s«660pF polystyrene 
C2-C4 470pF polystyrene (3 off) 
oO |. 220pF polystyrene _ 
C6 _ 100pF polystyrene 
C7 68pF polystyrene 
C8 220nF miniature layer 
C9-C36 110nF miniature laye 
oe (27 off) 
C37 —3.9nF ceramic 


SEMICONDUCTORS : 

IC1,1C2 6116, 150ns or faster _ 
(2 off) 
74LS193 (4 off) 
74.8244 (8 off) 

— 74LS00 (2 off) 
TALS125A (2 off) 
T4LS27 
7T4LS04 
8450 Newport 
T4LS85 (6 off) 


1C3-IC6 
‘1C7-1C14 

IC15,IC16 
ICIZICI8 

IC19 

1C20 

ica. 
10221027 





Finally it should be emphasised that 
the software may readily be user- 
extended to include features not 
presently included; the model provided 
by the existing software should aid this 
task in many instances. 


CONSTRUCTION 


For constructors making their own 
printed circuit board the minimum size 
is 207mm X 195mm, and the board is 
double sided. Boards which are not 
through hole plated require 0.8mm 
drilled holes for link pins, the locations 
for these are clearly shown on the 
component layout diagram. The 0.84mm 
link pins are forced in from the top side 
and soldered on both sides. 

The next stage is to add_ all 
components which require top-side 
soldering, using (and identified by) the 
remaining solder pads on the top side of 
the board. Flux residue should then be 
removed from the top side, and con- 
structors using in-house boards are 
advised to lacquer this side at this stage. 

The remaining components, ic sockets 
and jumper pins should then be soldered 
in leaving connectors 1 to 6 till last. 
Sockets should NOT be used for the hex- 
switches as their pins are too fragile for 
forceful insertion, these should be sol- 
dered directly to the board. Connectors 
1 to 6 are attached to appropriate (see 
components list) lengths of ribbon cable 
before soldering. The use of the recom- 
mended cable and connector types is 
strongly advised to minimise contact 
fault problems, even with these items 
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~ CONNECTORS 
20 way DIL plugs, IDC © 


SK1-SK5 
, (5 off) 
26 way DIL plug, IDC 
_ 4 pin PCB header and 4 
socket housing [OC or 
crimp tag type _ 
20 way bump polarised 
IDC sockets (5 off) 
28 pin DIL header plug, 
IDC crimp type 


SK6 
SK7 


SK8-SK12 


SK13 


SWITCHES 
Sw1-S6 hex encoded rotary 

: switches (6 off) 
SPDTERG spectra edge 
series changeover 
switches (ERG No. 
SDEC 8-013) 


IC SOCKETS 
24 pin 
20 pin 


(2 off) 

(8 off) 

16 pin (10 off) 

14 pin (7 off) 

Socket strip 16 pins SIL (6 off) 


A 5V de power supply is also required, 


_capable of delivering 750 mA or more. 


and with care in assembly and use con- 
tact faults remain one of the most 
common error sources. Pins 1 and 28 are 
not used on the BBC-B rom socket, it 
is recommended that 26 way ribbon 
cable is used positioned so as to exclude 
these pins when squeezing together the 
dil header plug connector. Finally the 
3.9nF ceramic capacitor should be 
soldered to the solder pads of pins 13 
and 14 of IC21 on the underside of the 
board, and this side lacquered if 
appropriate. 

Before using the logic analyser the 
links must be made; L1 and L2 if a 6502 
microprocessor is on the target system 
or L3 if a Z80 or for general purpose 
working. The sample frequency selection 
is made by completing L4 (4 MHz), LS 
(8 MHz) L6 (16 MHz), L7 (2 MHz) or 
L8 (1 MHz). 





Crystal oscillator 


- MISCELLANEOUS 


Ribbon Cable 26 way, 0.7m 

20 way, 0.7m 

20 way, 0.2m (4 off) © 
16 MHz, 4 pin 
package 

2.2nH 

8 pairs of pin strip 
headers 

(3 off) 


RFinductor 
Jumper pins 


Jumper sockets 


PCP linking pins (if board used not 


through-hole plated) 


Printed circuit board | 


Stick on rubber 


feet (4 off) 


Logic grabber set 
(e.g. RS 611-313) at least 2, up to 4 


PCB headers 


(e.g. RS 467-582) at least 2, up to 4 


_ (The last two items are to enable 


attachment to system test points. ) 


The printed circuit board is available 
through the PE PCB Service. 


Software and further details about the 

Logic Analyser are available direct from 
the author: Dr M.A.S. Sweet, Robert 

Gordon’s Institute of Technology, School 

of Physics, St Andrew Street, Aberdeen, 

AB1 1HG. Tel: 0224 633611 Ext 443. 





Connections to be made are: 

SK13 to any rom socket in the BBC-B, 
ensure correct polarity. 

SK12 to the BBC-B_ user port 
connector. 

SK8 via a PCB 10-way header and 
logic grabber set to target system test 
points. 

SK7 to the 5V dc power supply. 
ENSURE correct polarity. It is a good 
idea to remove one of the four pins in 
the header and to block off the corres- 
ponding socket hole to avoid careless 
polarity reversal. 

SK11, and SK10/SK9 as required, via 
10-way pcb headers and logic grabber 
sets to target system trigger/condition 
points. 

The signal identification markings on 
the pcb overlay should assist in avoidin 
connection errors. ue 


To be concluded next month. 
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for CATALOGUE 


ORDERS: RING (01) 567 8910 — 24 HRS. 


= ong feo), [lomerey.y oie DISCO LIGHTING KITS 


ololem 4am DL1000K This value-for-money 4-way 
chaser features by-directional sequence 
and dimming. 1kW per channel. . £17.50 
DLZ1000K — A lower cost uni-directional 
version of the above. Zero switching to 
reduce interference. .............::.0065 £9.85 
DLA/1 Optional opto input allowing audio 
‘beat’/light reSpONSE ...........eeeeeeee eee 70p 
DL3000K -3-channel sound to light kit 
features zero voltage switching, automatic 
level control and built-in microphone. 1kW 
TE 11 | SSR ae ey RN A £14.25 


The DL8000K 



































One of the best deterrents to a burglar is a guard 
dog and this new kit provides the barking without 
the bite! The kit when assembled can be connected 
to a doorbell, pressure mat or any other intruder 
detector and will produce a random series of 
threatening barks making the would-be intruder 
think you have a guide dog and try his luck 
elsewhere. The kit is supplied complete with high 
quality PCB, mains transformer, all components and 
instructions. The kit even includes a horn speaker 
which is essential to produce the loud sound 
required. The “dog” can be adjusted to produce 
barks ranging from a Terrier to an Alsatian. and 
contains circuitry to produce a random series of 
barks giving a more realistic effect. Don't delay, fit 
one before you go on holiday and let our dog help 
you guard your home. 

XK125 Complete kit of parts ................ £21.95 















































The DL8000K is.an 8-way sequencer kit with built 
in opto-isolated sound to light input which comes 
complete with a pre-programmed EPROM contain- 
ing EIGHTY — YES 80 different sequences includ- 
ing standard flashing and chase routines. The KIT 
includes full instructions and all components (even 
the PCB connectors) and requires only a box and 
a control knob to complete. Other features include 
manual sequence speed adjustment, zero voltage 
switching. LED mimic lamps and sound to light 
LED and a 300W output per channel. And the best 
thing about it is the price: ’ ONLY £28.50. 


HIGH SECURITY LOCK KIT 


Designed for use with 
our lock mechanism 
01 150) this kit will 
‘operate from a 9V to 
15V supply drawing a 
standby current of only 
50uA. There are over 5000 possible 4-digit 
combinations and the sequence can be easily 
changed. To make things even more difficult for 
an unauthorised user an alarm can be sounded 
after 3 to 9 incorrect entries — selectable by 
means of a link. The alarm can sound for a few 
seconds to over 3 minutes during which time 
the keyboard is disabled preventing . further 
| entries. A latched or momentary output is 
available making the unit ideal for door locks, 
burglar alarms, car immobilisers, etc. A 
membrane keyboard or pushbutton switches 
may be used and a beep sounds when a key 
is depressed. Kit includes high quality PCB, all 
components, connectors, high power piezo 
buzzer and full assembly and user instructions. 
XK121 ECS PRE 2 os ci chal ide nde tes £15.95 
350118 Set of keyboard Switches . £4.00 
KB12S 12-Way Membrane Keyboard ...... 
£3.98 



















Designed to produce 
a high intensity light 
pulse at a variable NA CA 
frequency of 1 to 

15Hz, this kit also 

includes circuitry to 

trigger the light from = Pan 
an external voltage 

source (eg. a 

loudspeaker) via an 

opto isolator. 

Instructions are also supplied on modifying the unit 
for manual triggering, as a slave flash in photographic 
applications or as a warning beacon in security 
applications. The kit includes a high quality pcb, 
components, connectors, 5Ws strobe tube and full 
assembly ‘instructions. Supply: 240V ac. Size: 
75x50x45. 

XK124 Stroboscope Kit .......... eee £12.50 


VERSATILE REMOTE 
CONTROL KIT 


This kit includes 
all components 
(+ transformer) 
to make a sensi- 
tive IR receiver 
with 16 logic out- 
puts (0-15V) which with suitable interface cir- 
cuitry (relays, triacs, etc — details supplied) 
can be used to switch up to 16 items of 
equipment on or off remotely. The outputs 
may be latched (to the last received code) 
or momentary (on during transmission) by 
specifying the decoder IC and a 15V stabil- 
ised supply is available to power external 
circuits. 
Supply: 240V AC or 15-24V DC at 10mA. 
Size (excluding transformer) 9 x 4 x 2 cms. 
The companion transmitter is the MK18 
which operates from a 9V PP3 battery and 
gives a range of up to 60ft. Two keyboards 
are available MK9 (4-way) and MK10 
(16-way), depending on the number of out- 
puts to be used. 
MK 12 IR Receiver (incl. transformer) 
£1 
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701150 = Electric Lock Mechanism . £16.50 
HOME LIGHTING KITS 


These kits contain all necessary components 
and full instructions & are designed to replace 
a standard wall switch and control up to 300w. 
of lighting. 
TDR300K Remote Control Dimmer|£16.45 
MK6 Transmitter for above .... £4.95 
TD300K Touchdimmer ................ £8.50 
TS300K Touchswitch ............. £8.50 
TDE/K Extension kit for 2-way 

switching for TD300K ... £2.70 
LD300K Light dimmer ................. £4.35 


































MK18 Transmitter. ................:cceeeee £7.50 
MK9 4-Way Keyboard ................... £2.00 
MK10 16-Way Keyboard ............... £5.95 
601 133 Box for Transmitter ......... £2.60 





ELECTRONICS SEND 9” x 6” SAE & 50p FOR 
CATALOGUE OR CALL AT 


13 BOSTON RD. 
ER concen se) coe ae 
el: | | 
VISA ORDERING INFORMATION: | | 
ALL PRICES EXCLUDE VAT Passa aa 


FREE P&P on orders over £20 (UK only), otherwise add 75p + VAT. 
Overseas P&P: Europe £2.75. Elsewhere £6.50. Send cheque/PO/ 
Barclaycard/Access No. with order. Giro No. 529314002. 
LOCAL AUTHORITY AND EXPORT ORDERS WELCOME 
GOODS BY RETURN SUBJECT TO AVAILABILITY 
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JOIN UP WITH LITESOLD 








Professional Soldering Equipment at Special Mail-Order Prices. 
















proportional electronic temperature 
control inside the handle. Adjustable 







a 280° to 400°C. Burn-proof 3-wire 
mains lead. Fitted 3.2mm Long-Life 
Features spike-free, solid state bit. 1.6, 2.4 and 4.7mm available. 240v a.c. 


SK18 Soldering Kit. £16.70 

Build or repair any electronic project. 
LC18 240v 18w iron with 3.2, 2.4, 
and 1.6mm bits. Pack of 18 swg 
flux-cored 60/40 solder. Tweezers. 

3 soldering aids. Reel of De-Solder 
braid. In PVC presentation wallet. 


ADAMIN Miniature Iron £7.69 nylon handle with finger grip. 
Interchangeable bits available 1.2, 
1.6, 2.4, 3.4 and 4.7mm. Fitted with 
Possibly smallest mains iron in the 2.4mm. 240v 12w (12v available). 
world. Ideal for fine work. Slim Presentation wallet. 











‘L Series Lightweight Irons. 12w £7.68 


High efficiency irons for all 
electronic hobby work. Non-roll 
handles with finger guards. 
Stainless steel element shafts. Screw- model, 12w, 2.4mm bit. LC 18 Model, 
connected elements. Slip-on bits 18w, 3.2mm bit. 240v Std — 12v 
available from 1.6 to 4.7mm. LA12 available. Presentation wallet. 


Soldering Iron Designed specially for LITESOLD irons. 








Stands 3&4 / *—\\\ Heavy, solid-plastic base with non-slip pads. 
£6.06 ‘ Won't tip over, holds iron safely. With wiping 
No.5 | sponge and location for spare (hot) bits. 
£6.28 s No 5 stand for EC50 iron No 4 stand 


? for ADAMIN miniature Iron No 3 stand 
for LA12 and LC18 Irons. 





Replacement Bits Pre-tinned face (Long Life). State tip 
For all above irons. Non-stick size,iron and type. 

designs, machined from special Copper LIL 
copper alloy, with Inconel retaining EC50 = —- £192 


rings. Two types — Chromium plated  Adamin 12 and 
with copper face (for economy and 
ease of use) and Iron plated with 


Yellow £1.38 Green £1.44 


LAl2 === £1.06 £1.90 
C18 qo > £2.09 £1.20 


For simple, safe and effective 
de-soldering of all types of joint, 
using a standard soldering iron. 
Handy colour-coded packs of 1.5 

Se — metres in 3 widths: Yellow — 1.5mm, 
Blue £1.50. per Reel Green — 2mm, Blue — 3mm. 


De-Solder Pumps £7.71 —{T J =) 


High Quality version of increasingly 

popular type of tool. Precision made — thumb operation. Automatic solder 

anodised aluminium body, plunger ejection. Conductive PTFE nozzle — 
no static problems. 


guard and high-seal piston. Easy 

















Top quality Japanese metric hardened and tempered 

tools. Swivel-top chrome plated brass handles. 

Fitted plastic cases. 113 set — 6 miniature 
screwdrivers 0.9 to 3.5mm £3.60 


305 set 2 crosspoint and 3 hex wrenches 
1.5 to 2.5mm £2.56 
228 set 20 piece combination: 
5 open, 5 skt spanners, 2 crosspoint, 3 hex 
and 3 plain drivers, scriber, handle/holder £8.46 


Microcutters. £5.39 Light weight hardened and —_— 


precision ground. Flush cutting. Screw joint, return 
spring, cushion-grip handles. Safety wire-retaining clip. 

















Soldering Aids. Set of 3 £4.22 
oD 30s SeraperiKnife, Hook/Probe, 
> _~SCs=iBrusshFork. 3 useful double-ended 








aids to soldering/desoldering/ 


> : 
assembly. In plastic wallet. 


ADAMIN Electric Stylus. £16.71 


_ Writes like a ballpoint in Gold, Silver, Copper or 6 
colours, on card, plastics, leather etc. Personalise 
wallets, bags, albums, books, 

' ‘models ... Operates at 4.5v from its own plug/ 
transformer — totally safe. Supplied with coloured foils. 


SEND FOR OUR ORDER FORM TODAY Visa 
AND JOIN UP WITH THE PROFESSIONALS 


Prices include p&p and VAT. Send order with Cheque/PO. Ring for Access/Visa sales, or ask for order forms. 


LIGHT SOLDERING DEVELOPMENTS LTD. DEPT. PE 
97-99 GLOUCESTER ROAD, CROYDON CRO 2DN. 01 689 0574 
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REAL WORLD INTERFACING 


PART ONE BY ROBERT PENFOLD 
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ANALOGUE INTO DIGITAL AND BACK AGAIN 


A digital circuit cannot handle the infinite range of signal variations — 






F ew people would doubt the 
advantages of digital electronics in 
many applications, and logic circuits are 
now commonplace in audio systems, 
cars, video equipment, etc. With much 
digital equipment there is a major 
obstacle that has to be overcome before 
the advantages can be exploited. This is 
simply that in the real world there are 
few things that are truly digital in nature. 
Most entities that are measurable or 
controllable can be interfaced to 
analogue circuits with little difficulty. In 
the field of audio for example, a 
microphone provides an output that can 
be directly fed to analogue circuits, and 
a loudspeaker can be directly driven 
from analogue devices. As far as I know 
there is no microphone that provides a 
digitised output, and no genuine digital 
loudspeaker! 

Digital audio circuits work with 
conventional transducers, but only via 
special interfaces. Apart from simple on/ 
off switching of motors, bulbs and the 
like, this technique of conventional 
analogue transducers plus an interface 
of some kind is the standard approach 
to real world interfacing. Even with 
something as simple as switching a light 
bulb or an audio signal on and off, the 
direct output from a digital circuit will 
not usually be able to fulfil the task 
without a little assistance. 

In this two part article we will consider 
various types of digital interfacing, 
including such things as power and audio 
control, and measuring methods. The 
information has been deliberately made 
as general as possible, and circuits that 
will interface to a specific computer are 
not provided. It is assumed that the 
reader has some background knowledge 
of general interfacing techniques, and 
that he or she can get digital information 
into and out of their computer. It is the 
electronics that fits onto the parallel 
input/output port that we will be 
concerned with here. The purpose of this 
article is to provide a range of practical 
circuits rather than to delve deeply into 
the theoretical side of things. It is not 
possible to give a complete course in 
interfacing in two articles, but a wide 
range of circuits will be provided. 


Photo: Flight Electronics FLT 68K 
microprocessor trainer linked to a 
BBC computer. 
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possible to an ana 


logue circuit. The real world is analogue. This article 
looks at ways of bridging the gap. : 


It is worth noting that digital 
interfacing does not necessarily mean 
using a microprocessor based system. 
There are a great many applications 
where digital electronics can be used to 
good effect, but where there would be 
considerable over-kill in using a 
microprocessor system. The circuits 
provided here should work perfectly well 
with simple digital systems. 


D/A CONVERSION __. 


In this first article we will consider a 
number of control circuits. Only low 
power circuits will be considered here, 
but the related subjects of power control 
and measurement will be covered in 
some detail in part 2. Some low power 
control applications require nothing 
more than on/off switching, and quite 
often the direct output from a latching 








output port will then surface. At most a 
simple driver or level shifter circuit will 
be required. 

Most applications require some form 
of digital to analogue conversion so that 
precise control can be obtained. There 
are several types of digital to analogue 
converter, and in some applications a 
simple type based on an operational 
amplifier summing mode circuit might 
suffice. Simple digital to analogue 
converters can also be based on multi- 
way cmos analogue switches. However, 
the cost of high quality dac chips is 
reasonably low these days, and these 
usually offer a cost effective solution 
even if they are slightly over-specified 
for a given application. 

Although they do not have “industry 
standard” status, the Ferranti dac and 
adc chips are much used, and are the 
most convenient devices of this type I 
have yet encountered. The dac 
converters are of the “R-2R” type, and 
this name refers to the resistor network 
on which they are based. Fig.l shows 
the basic set up used, and the switches 
are, of course, electronic types which 
are operated by the eight bit parallel 
input. In theory the values used for the 
resistors is unimportant, provided all the 
“R” types are the same value, and the 
“2R” types are twice this value. In 
practice the values used must be low 
enough to give a reasonably low output 
impedance, but not so low as to heavily 
load the voltage reference. In the 
Ferranti chips the resistors have values 
of 10k and 20k. 

For anyone familiar with Kirchoff’s 
Voltage Law it should be apparent that 
this circuit will have roughly the desired 


, ANALOGUE 
OUTPUT 


Fig. 1. The basic arrangement used in R/2R D to A converter. 
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IC2 = CA3140E 





Fig. 2..A simple D/A converter based on the ZN426E. This circuit must be driven from 


a latching parallel port. 


effect, with the msb switch producing a 
large increase in the output potential 
when it is set to the left hand position, 


and the switches controlled by the less | 


significant bits having progressively less 
effect. Working out a few examples with 
two or three bit network will soon show 
that it has precisely the desired effect, 
with an output voltage that is 
proportional to the binary input value. 
The Ferranti digital to analogue 
converters have a built-in 2.55 volt 
reference source. They are 8 bit types 
which consequently have an input value 
range of 0 to 255 (decimal), or a 
convenient 10 millivolts (0.01 volts) per 
digit output voltage. A value of (say) 126 
would therefore give an output voltage 
of 1.26 volts. 

Two main dac converters in the 
Ferranti range are the ZN426E and the 
ZN428E. These would appear to be 
essentially the same device, but the 
former requires latched inputs whereas 
the latter can interface direct to the data 
bus of most microprocessors. Basic 
circuits for these two devices are shown 
in Figs.2 and 3 respectively. 

Taking Fig.2 first, the 8 bit input can 
be driven from standard ttl logic outputs, 
as well as 5 volts mos and cmos outputs. 
The built-in voltage reference source 
requires discrete load resistor R1 and 


ICi = ZN428E 


decoupling capacitor C1. The output will 
normally require buffering and 
amplification, and this is provided by 
IC2. VR1 is an offset null control which 
is used to optimise accuracy at low 
output voltages, and VR2 controls the 
closed loop voltage gain of IC2. With all 
the inputs set high VR2 is adjusted for 
the required full scale output voltage. 
The input value is then made much lower 
(around 5) and VR1 is adjusted for the 
correct output voltage. This procedure 
is repeated a few times until the output 
voltage tracks accurately over the full 
output range. The maximum output 
voltage can be anything from 2.55 volts 
to about 34 volts, but note that the 
supply voltage for IC2 must be at least 
2 volts more than the required maximum 
output voltage. 

Turning to Fig.3, the converter circuit 
is much the same as the one described 
previously, but there is an extra input 
(“LATCH”). This input would normally 
be fed from the output of an address 
decoder circuit. It must be high under 
quiescent conditions, and pulsed low 
when data is written to the converter. 
The data is latched into the device as 
this input returns to the high state. The 
ZN428E is effectively a ZN426E with 
an 8 bit transparent latch added at the 
input. The only other significant 


IC2 = uA741C 
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Fig. 3. A basic D/A converter using the ZN428E. 
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difference between the two devices is 
that the ZN428E has separate digital 
ground (pin 9) and analogue ground (pin 
8) terminals. The device will operate 
properly with a voltage difference of up 
to 200 millivolts of either polarity 
between these two pins, but in practice 
they are almost invariably wired 
together. 

The circuit of Fig.3 shows a different 
output stage. This differs from the one 
featured in Fig.2 in that it uses a standard 
wAT41C operational amplifier rather 
than the more expensive CA3140E. It 
requires a —5 volt supply though, and as 
the total supply voltage to the device 
must not exceed 36 volts, this reduces 
the maximum possible output voltage by 
5 volts. The output stage of Fig.3 
generally offers slightly better accuracy 
at low output voltages, and is the better 
choice in critical applications. 

Both converter chips offer a maximum 
error of 0.5 Isb, or 5 millivolts in other 
words. The output of a dac converter 
does not switch instantly from one 
voltage level to another, and the time 
taken for the switch over is called the 
“settling time”. For these converter chip 
it is lus for a 1 Isb change, or 2us for a 
change from maximum to minimum (or 
vice versa). This is more than fast enough 
for most applications, including the 
more demanding ones such as audio 
waveform synthesis. 

Some applications require lowpass 
filtering at the output in order to remove 
slight glitches that are often produced 
as the output moves from one value to 
the next. In audio waveform synthesis a 
lowpass filter is needed anyway, in order 
to remove the high frequency 
components generated by the almost 
instant switching from one level to 
another. Fig. 4 shows the circuit for a 
dac converter plus third order (18dB per 
octave) output filter. The filter has a 
cutoff frequency of about 10kHz, which 
is well suited to waveform synthesis. The 
cutoff frequency is easily changed 
though, and is just a matter of changing 
the values of the filter capacitors (C2 to 
C4).The relationship between the values 
of these capacitors must not alter 
significantly (eg C4 must be kept ten 
times higher in value than C2), and the 
values of all three must therefore be 
changed. Alterations in the values 
produce an_ inversely proportional 
change in the cutoff frequency. 

With an output that shifts in 10 
millivolts increments it is obviously not 
possible to produce highly accurate 
sinewave signals, or other waveforms 
which are of a non-stepped nature. This 
is a fundamental difference between 
digital and analogue circuits that must 
always be kept in mind. A digital circuit 
can not handle the infinite range of 
voltages possible with analogue circuits, 
but in practical applications there is a 
certain level of resolution that will give 
acceptable results. Sometimes 8 bit 
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possible in order to optimise 
performance. With any electronic audio 


IC1 = ZN426E 1C2 = CA3140£ switching circuit there is a strong danger 


of severe switching “clicks” being 
R1 generated unless due care is taken with 
390 the circuit design. 
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Fig. 4. A D/A converter for audio synthesis. 


resolution is more than adequate, but 
on other occasions it is less than ideal. 

For audio synthesis there is a definite 
advantage to 12 or even 16 bit resolution. 
However, 12 and 16 bit converters of 
adequate speed are quite expensive, and 
their extra performance can only be 
realised in practice if the hardware 
driving the converter is of adequate 
speed and sophistication. The distortion 
level obtained with 8 bit resolution is 
under 0.5%, but this assumes that the 
waveform uses the full 0 to 255 value 
range. It is therefore important to make 
sure that waveforms are synthesised 
using the widest possible range of values. 
More information about the theory of 
digital audio can be found in the “Signal 
Processing” article in August 1987 issue 
of PE. 


MAKING THE SWITCH 


Digital audio control can range from 
simple on/off switching through to 
precise level control and filtering. Taking 
on/off switching first, a low-tech but 
effective method is to use a relay, and a 
high speed reed type would be the 
normal choice for this type of 
application. This may seem like a rather 
old fashioned way of doing things, but 
there are a couple of advantages. The 
first of these is the total isolation 
between the relay contacts and the 
digital controller. The contacts can 
therefore be placed at any desired 
position in the audio circuit. The second 
advantage is a total lack of distortion 
through the contacts (or in deference to 
Graham Nalty, (PE Aug-Sept 87), 
perhaps that should be ‘almost a total 
lack of distortion’). 

If a more modern approach is 
preferred, there are a number of 
semiconductor switching devices that 
can be used, including various types of 
transistor and numerous integrated 
circuit analogue switches. There are 
some quite expensive analogue switch 
integrated circuits available, but these 
are not particularly popular as there are 
much cheaper devices which seem to be 
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capable of achieving a similar level of 
performance if used in the right way. In 
particular, the cmos analogue switches 
such as the 4016BE quad spst type are 
available for a matter of pence each, and 
can work very well. 

The action of the 4016BE is for a 


switch to close if its control input is taken | 


to logic 1, or to open if it is taken to 
logic 0. However, the switch can not be 
used quite as freely and easily as the 
contacts of a reed relay. The switch 
should only be used at signal voltages 
which do not stray significantly outside 
the supply rail potentials, and it should 
be borne in mind that the “on” and “off” 
resistance are not zero and infinite 
respectively. The “off” resistance is 
actually extremely high at hundreds of 
megohms or more, and the “on” 
resistance is generally quite low at 
between about 50 and 250 ohms. 
Switching circuits based on _ these 
devices should take into account the fact 
that stray coupling around a switch can 
easily reduce the effective “off” 
resistance, and that the “on” resistance 
varies somewhat with the applied signal 
voltage. This second factor means that 
small but significant distortion levels can 
be generated, and that the signal voltage 
across the switch must be as low as 
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Fig.5 shows a simple but effective 
method of using two cmos analogue 
switches plus an operational amplifier to 
provide low distortion, low breakthrough, 
and virtually “clickless” switching. [C2a 
is the main switch, and this is connected 
in the signal path. IC3 acts as a high 
input impedance buffer amplifier, so that 
when IC2a is turned on, the voltage drop 
through its series resistance is negligible. 
This ensures that it can introduce only 
minute amounts of distortion. 

A drawback of IC3’s high input 
impedance is that it encourages stray 
coupling through IC2a when it is 
switched to the off state. To ensure that 
no significant breakthrough can occur, 
IC2b is used to reduce the input 
impedance of the circuit to only about 
100 ohms when the circuit is in the off 
state. This gives the circuit a massive 
amount of attentuation over the full 
audio bandwidth when set to the off 
State. 

The two switches must be operated in 
anti-phase, and so IC2a is controlled via 
an inverter (IC1). The signal is allowed 
to pass when the control input is low, 
and blocked when it is high. Control 
IC2a direct and IC2b via the inverter if 
the opposite action is required. 

Many applications for this type of 
circuit require a multi-way audio selector 
rather than a single on/off switch. Ideally 
multi-way switching would be achieved 
having several circuits of the type shown 
in Fig.5, with the outputs fed to a 
conventional audio mixer circuit. The 
desired channel or channels are then 
selected by taking the appropriate 
control input or inputs low. 

This method provides’ excellent 
performance, but is probably too costly 
and complex to be practical in some 
applications. A low cost alternative is to 
use a multi-way cmos analogue switch, 
as shown in the 8 way selector circuit of 


4016BE IC3 = TLO81CP 
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Fig. 5. A circuit that provides high quality audio on/off switching. 
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IC1 = 4051BE 


Fig. 6. A simple 8 way audio selector circuit. 


Fig.6. IC1 is acmos 4051BE 8 way single 
pole analogue switch. It is controlled by 
a three bit binary input, and in this 
circuit it simply switches the selected 
audio channel through to the buffer 
amplifier based on IC2. The input 
impedance of IC2 has to be something 
of a compromise. On the one hand it 
must be high enough to give reasonable 
distortion performance, but on the other 
hand it must be low enough to give no 
significant breakthrough on the channels 
that are switched off, even at high audio 
frequencies. The specified values for R1 
and R2 give what seemed to be the best 
compromise, but they could be made 
lower in value if very low breakthrough 
is important, or higher in value if lower 
distortion is vital. 


If less than eight inputs are required, © 


simply ignore some of the most 
significant inputs and omit their input 
capacitors. Any unused binary inputs 
must, of course, be connected to the 0 
volt supply rail. 


GAIN CONTROL 


Digital control of audio gain and 
filters has been commonplace in the 
world of electronic music for some time 
now. Digital audio control is finding its 
way into other aspects of electronics, and 
the use of computerised mixing consoles 
is just one of the many possibilities that 
are now being exploited. 

There are digitally controlled audio 
attenuator chips available, such as the 
7110 from RS. As yet these are quite 
expensive, and it is generally more cost 
effective to use a conventional vca 
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driven from a digital to analogue 
converter. This is one application where 
8 bit precision is not really needed. 
Human hearing can at best detect a 2dB 
change in volume, and a dynamic range 
of about 100dB is adequate for an audio 
attenuator. With a 6 bit converter there 
are sixty four output voltages available, 
and with these giving 1.5dB increments 
in gain an adequate 96dB dynamic range 
could be accommodated. Of course, an 
8 bit converter can be relegated to a 6 
bit type simply be connecting the two 
least significant inputs to ground, and 
then driving the other six inputs from 
the least significant bits of an output 
port. 

The circuit of Fig.7 is for a good quality 
vca that will interface to the digital to 
analogue converter circuits described 
earlier. They should be set for unity 


CONTROL 


voltage gain through the output 
amplifier as this circuit has a 0 to 2.55 
volt control voltage range. The circuit is 
based on one section of an NE570 or 
NE571 compander chip. The main 
difference between these two devices is 
that the NE571 has a slightly higher 
distortion figure of 0.1% as opposed to 
the 0.05% of the NE570. The NE570 
also has a higher maximum supply 
voltage rating of 24 volts, which 
compares to 18 volts for the NE571. 

In this circuit the input is applied to 
the variable gain cell, and is then taken 
to the operational amplifier which really 
just acts as an output buffer amplifier in 
this case. The control voltage is applied 
to the rectifier input, although there is 
no processing by this stage as the input 
is always positive going, and the control 
voltage passes straight through to the 
gain control cell. Note that increased 
input voltage provides decreased gain. 
This could be altered by using an 
inverting amplifier ahead of the control 
input, but in practice there is unlikely to 
be any problem in writing the software 
to suit the natural control characteristic 
of the circuit. An excessive control 
voltage causes the gain to start to rise 
again. Therefore, with the output of the 
d/a converter at maximum, VRI1 is 
adjusted for minimum gain. Around 
100dB of attenuation should be possible. 

VR2 is the distortion trimming 
control, and is merely adjusted for 
minimum distortion. In the absence of 
suitable test gear this can be adjusted 
by ear using a low frequency sinewave 
test signal, or R3, R4 and VR2 can just 
be omitted. The untrimmed distortion is 
typically 0.3% for the NE570 (0.5% for 
the NE571). 

The numbers in brackets in Fig.7 are 
the equivalents for the other section of 
the device, and this can be used in a 
second vca. 


SC FILTER 


A digitally controlled filter can be 
implemented using a voltage controlled 
filter (vcf) driven from a digital to 
analogue converter. There is an 
interesting all-digital alternative in the 





Fig. 7..A simple but effective V.C.A. based on an NES71 or NES70. 
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form of switched capacitor filters. These 
have an operating frequency that is 
controlled via a clock signal, and 
accurate clock frequencies can easily be 
generated by conventional digital 
circuits, or by microprocessor based 
designs. In the case of microprocessor 
based systems the clock frequencies can 
either be largely software generated, or 
special timer/counter chips can be used. 
An advantage of the switched capacitor 
approach is that it enables the operating 
frequency to be set with quite high 
precision; a _ factor that opens 
possibilities in the area of high quality 
computer controlled test equipment. 

The only readily available switched 
capacitor filter chip is the MFI10CN, 
which is a versatile device having an 
excellent specification. Fig. 8 shows a 
circuit based on the MFIOCN, and 
having switchable lowpass, bandpass, 
and notch modes. This circuit uses IC1 
in what the MFIOCN data sheet refers 
to as “Mode 1a”, which is one of nine 
possible operating modes. As shown in 
Fig.8 the operating frequency of the 
filter is nominally one hundreth of the 
clock frequency, but this can be changed 
to one fiftieth of the clock frequency by 
taking pin 12 high. There are actually 
two identical filters in the MF10CN 
package, and the numbers in brackets 
show the pin numbering for the second 
section of the device. The 50/100 control 
input is common to both filters, but they 
do have separate clock inputs. Dividing 
one clock frequency by two will 
therefore place the filter frequencies one 
octave apart. The clock signal can be at 
ttl or (5 volt) cmos logic levels. The Q 
of the filter if equal to R2/R3, and can 
be increased from its present level of 1 
by increasing the value of R2. 

Switched capacitor filters have 
definite advantages, but they do have a 
slight drawback in that the output is a 
form of digitised signal. It steps up and 
down in level in standard digitised audio 
fashion, and in many applications some 
output filtering will be needed in order 
to attenuate the high frequency 
components on the output. An input 
filter may also be needed to ensure that 
high frequency input signals do not 
result in heterodynes on the output. 

A simple single stage passive filter will 
often be sufficient at the input, and a 
filter of this type (R1 — C2) is included 
in Fig.8. More comprehensive output 
filtering may be desirable, and in this 
circuit a third order active lowpass filter 
is included. The filters give a bandwidth 
of about 10kHz, but the cutoff frequency 
may need some adjustment to suit a 
particular application. A crucial point to 
bear in mind with this type of filter is 
that low filter frequencies (less than 
about 200Hz) require clock frequencies 
that fall within the audio range. Any 
significant breakthrough of the clock 
signal at the output is then likely to be 
clearly audible. At the other end of the 
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Fig. 8. .A versatile switched capacitor filter. 


frequency range, the MFIOCN is 
guaranteed to operate at filter 
frequencies of up to 20kHz (typically 
30kHz). 


IN ISOLATION 


Nine times out of ten there is probably 
no problem in connecting one piece of 
equipment directly to another, but there 
can occasionally be problems. I have 
only encountered such difficulties when 
dealing with two pieces of mains 
powered equipment where neither of 
them had an earthed chassis. The 
problem is the high voltage that can exist 
between the chassis of the two pieces of 
gear. This will be at a high impedance, 
but could still damage — sensitive 
semiconductor components. I once 
destroyed the 6526 CIAin a Commodore 
64 computer in this way! 
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Fig. 9. An analogue opto-isolator circuit. 
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There are plenty of circuits for 
isolating digital signals, but designs to 
handle analogue signals seem to be 
scarce. An isolation circuit that will 
accurately transmit a dc level with no 
offsets is a relatively difficult task. 
Isolation circuits are almost invariably 
based on opto-isolators, and these lack 
the high degree of linearity required for 
analogue applications. 

Astandard approach to audio isolation 
is to use an opto-isolator, but to feed the 
signal through it as some form of pulse 
modulated signal. As the isolator is only 
handling a pulse signal any slight non- 
linearity it introduces is of little 
significance. The performance of the 
system is largely governed by the quality 
of the encoder and decoder circuits. The 
circuit of Fig.9 is based on pulse width 
modulation techniques. 
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Fig. 10. A circuit to drive two seven segment l.e.d. displays from an 8 bit output port. 


The basic idea is to conver the dc input 
level into a pulse signal having an 
average voltage that is equal to the input 
voltage. The pulse signal recovered from 
the opto-isolator is then processed by a 
lowpass filter to recover the dc signal 
level. In this circuit IC1 operates as a 
triangular oscillator and [C2 is a voltage 
comparator. This method of pulse width 
modulation is a well known one that is 
much used in a range of applications. 
Pulse width modulation has _ been 
covered in PE in the recent past in 
articles on class D audio and switch 
mode power supplies, and these articles 
should be consulted if more information 
on this topic is required. 

For the circuit to work well it is 
important that VR1 and VR2 are set up 
correctly. Ideally VR1 should be a multi- 
turn preset. Initially it is adjusted so that 
the triangular output signal from pin 1 
of IC1 just reaches 0 volts on negative 
peaks. The unit should then work quite 
well, but linearity at low voltages may 
be less than ideal. An improvement can 
be obtained by first connecting and input 
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of a few volts to the unit, and then 
adjusting VR2 for the correct output 
level. Next use a much lower input 
voltage (about 20 millivolts) and adjust 
VR1 for the correct output voltage. 
Repeat this procedure a few times until 
no further improvement in accuracy can 
be made. When used with a Ferranti 
converter over a 0 to 2.55 volt range the 
prototype exhibited no _- significant 
degradation in performance. Note that 
the unit can be used both at the output 
of a digital to analogue converter, or the 
input of an analogue to digital converter. 

The bandwidth of the circuit is about 
100Hz. This can be increased by reducing 
the value of C2 to boost the clock 
frequency, and raising the cutoff 
frequency of the output filter. This will 
result in some loss of linearity at very 
low input voltages though, and a 


bandwidth of more than 10 to 20kHz is 


not practical. 


DISPLAY DRIVING 


Microprocessor based circuits mostly 
have the familiar monitor or television 


display as the main means of supplying 
data to the user, but in some applications 
something more basic is all that is 
needed. In particular, applications that 
require the system to run for prolonged 
periods unattended are better suited to 
some form of display. Televisions and 
monitors should not be left unattended 
for any length of time as they represent 
a fire hazard. 

Light emitting diodes can be driven 

from digital circuits without difficulty, 
and usually require nothing more than 
a current limiting resistor. A few 
individual leds can provide a useful 
status display, or the seven segment 
variety can be used where a slightly more 
sophisticated form of readout is 
required. One way of driving seven 
segment displays from a microprocessor 
based project is simply to drive each 
segment from one output of a parallel 
port, but this is doing things the hard 
way. A much better approach is to use a 
couple of binary coded decimal (bcd) to 
seven segment decoders, as in the circuit 
of Fig.10. This permits two displays to 
be driven from an 8 bit latching output 
port. 
- The pin numbering for the displays 
assumes that they are of the standard 
0.5 or 0.56 inch common cathode type. 
Other sizes should work equally well, 
but will almost certainly have a different 
pinout configuration. The displays must 
be of common cathode variety and not 
the common anode type. 

The decimal value sent to the port is 
not the value that will be displayed by 
this circuit. To find the right value to 
display a given number, simply multiply 
the most significant digit by sixteen, and 
then add the least significant digit to this. 
For example, to display “24”, the value 
written to the port would be 36 
(2x 16 = 32,32 + 4 + 36). 

In part two next month, Robert 
Penfold looks at other aspects of real 
world interfaces, such as dc_ pulse 
controllers, triacs, and measurement 
techniques. 














74LS SAVE OVER 
20 40% ON OUR 
20 EX EQUIPMENT 
MEMORIES 
AND EPROMS 


1000's of delighted 
customers 
GUARANTEED UV 
ERASED AND TESTED 
4116 16Kx8 £0.75 
PROMS 
2716 2Kx8 £1.50 
2732 4K x8 £1.20 
2764 8K x8 £1.50 
27128 16K x8 £1.75 


All taken from working 
boards. Try some. You 
will SAVE POUNDS ££££ 
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ADD VAT AT 15%. ORDERS UNDER £25 P&P £1. OVER £25 POSTAGE FREE. 
ORDERS DISPATCHED SAME DAY BEFORE 3.30 PM. ; 
DEPT (P6), 18A COLDERMEADOW AV., CORBY, NORTHANTS NN18 SAJ. 


MEMORIES 






Primary 240 volt. 
Quantity prices and delivery on request 
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Toroidal & E.|. <# 


Oe 
4 


Transformers (ere tl 
As manufacturers we are able to offer a ee, 


range of quality toroidal and laminated 
transformers at highly competitive prices 


Toroidal Mail Order Price List 

prices inclusive of VAT & Postage 

15va 7.95, 30va 9.18, 50va 10.16, 80va 11.36, 120va 12.07, 160va 14.20, 225va 
15.21, 300va 17.04, 500va 22.10, 625va 24.66, 750va 28.75, 1000va 44.82. 
Also available 1k2, 1k5, 2k, 2k5, 3k. Prices on request. 


Available from stock in the following voltages: 6-0-6, 9-0-9, 12-0-12, 15-0-15, 18-0- 
18, 22-0-22, 25-0-25, 30-0-30, 35-0-35, 40-0-40, 45-0-45, 50-0-50, 110, 220, 240. 


Air Link Transformers 
28 Bullfields, Sawbridgeworth, 
Herts. CM21 9DD Tel: 0279 724425 


PRACTICAL ELECTRONICS FEBRUARY 1988 


£1 BAKERS DOZEN PARCELS 


Price per parcel is £1.00, but if you order 12 you get 
one extra free. 

All the parcels listed below are brand new components. 
Unless marked s.h. 


— 513 amp ring main junction boxes 

— 513 amp ring main spur boxes 

— 3 flush electrical switches 

— 4in flex line switches with neons 

— 280 watt brass cased elements 

— 2 mains transformers with 6V 1A secondaries 
— 2 mains transformers with 12V }A secondaries 
— 1 extension speaker cabinet for 6}” speaker 

— 5 octal bases for relays or valves 

12 glass reed switches 

— 40OCP 70 photo transistors 

— 4 tape heads, 2 record, 2 erase 

— 1 ultra sonic transmitters and 1 ditto receiver 
— 215000 mfd computer grade electrollics 

— 2 light dependent resistors 

— 5 different micro switches 


21 — 2 mains interference suppressors 
22 — 225 watt crossover units 2 way 
23 — 1 40 watt 3 way crossover unit 
28 — 1 6 digit counter mains voltage 
30 — 2 Nicad battery chargers 
31 — 1 key switch with key 
32 — 2 humidity switches 
33 -— 2 aerosol cans of ICI Dry Lubricant 
34 — 96x 1 metre lengths colour-coded connecting wires 
36 — 2 air spaced 2 gang tuning condensors 
37 -— 2 solid diaelectric 2 gang tuning condensors 
38 — 10 compression trimmers 
41 — 6 Rocker Switches 10 amp mains SPST 
43 — 5 Rocker Switches 10 amp SPDT Centre Off 
44 — 4 Rocker Switches 10 amp DPDT 
45 — 1 24 hour time switch mains operated (s.h.) 
46 — 1 6 hour clock timeswitch 
48 — 2 6V operated reed switch relays 
49 — 10 neon valves — make good night lights 
50 — 2x 12V DC or 24V AC, 4CO relays 
51 — 1x 12V 2C O very sensitive relay 
52 — 112V 4C relay 
53 — 2 mains operated relays 3 x 8 amp changeovers 
55 — 1 locking mechanism with 2 keys 
56 -— Miniature Uniselector with circuit for electric jigsaw 
57 — 5 Dolls’ House switches 
60 — 5 ferrite rods 4” x 5/16” diameter aerials 
61 — 4 ferrite slab aerials with L & M wave coils 
62 — 4200 ohm earpieces 
63 — 1 Mullard thyristor trigger module 
64 — 10 assorted knobs } spindles 
65 — 5 different thermostats, mainly bi metal 
66 — Magnetic brake — stops rotation instantly 
67 — Low pressure 3 level switch 
69 — 2 25 watt pots 8 ohm 
70 — 225 watt pots 1000 ohm 
71 — 4wire wound pots — 18, 33, 50 and 100 ohm 
73 — 43 watt wire wound pots 50 ohm 
77 -— 1 time reminder adjustable 1-60 mins 
78 — 5.5 amp stud rectifiers 400V 
85 — 1 mains shaded pole motor 3” stack — j shaft 
86 — 25” ali fan blades fit }” shaft 
87 -— 23” plastic fan blades fit {” shaft 
88 — Mains motor suitable for above blades 
89 — 1 mains motor with gear box 1 rev per 24 hours 
91 — 2 mains motors with gear box 16 rpm 
93 — 411 pin moulded bases for relays 
94 - 5B7G valvé bases 
95 — 4skirted B9A valve bases 
96 — 1 thermostat for fridge 
98 — 1 motorised stud switch (s.h.) 
101 — 1 2} hours delay switch 
103 — 1 6V mains power supply unit 
104 — 14}V mains power supply unit 
105 — 15 pin flex plug and panel socket 
107 — 1 5” speaker size radio cabinet with handle 
109 — 103” spindle type volume controls 
110 — 10 slider type volume controls 
112 — 1 heating pad 200 watts mains 
114 — 11W amplifier Mullard 1172 
115 — Wall mounting thermostat 24V 
118 — Teak effect extension 5” speaker cabinet 
120 — p.c.b. with 2 amp full wave and 17 other recs 
122 — 10 mtrs twin screened flex white p.v.c. outer 
132 -— 2 plastic boxes with windows, ideal for interrupted 
beam switch etc 
155 — 3 varicap push button tuners with knobs 
188 — 1 plastic box, sloping metal front, 16 x 95mm, average 
depth 45mm 
241 — 1 car door speaker (very flat) 6}” 15 ohm made for 
Radiomobile 
243 -— 2 speakers’ 6” x 4” 15 ohm 5 watt made for 
Radiomobile 
266 — 2 mains transformer 9V }A secondary split primary so 
OK also for 115V 
267 — 1 mains transformers 15V 1A _ secondary p.c.b. 
mounting 
330 — 2 6V 0.6V mains transformer .3A p.c.b. mounting 
350 — 40 double pole leaf switches 
365 -— 1 7uf 660V 50hz metal cased condenser 
453 — 2 2}in. 800hm loudspeakers 
454 — 2 2}in. 8ohm loudspeakers 
463 — 1 mains operated relay with 2 sets c/o contacts 
464 — 2 packets resin filler/sealer with cures 
465 — 3 5Around 3 pin plugs will fit item 193 
466 — 47 segment l.e.d. displays 
470 — 4pc boards for stripping, lots of valuable parts 
473 — 15” 4ohm speaker with built in tweeter Radiomobile 
480 — 1 3A double pole magnetic trip, saves repairing fuses 
498 — 4 1000uf 25V axial electrolytic capacitors 


TELEPHONE BITS 
Master socket (has surge arrestor — ringing condenser etc) and takes 
B.T. plug £3.95 
EXIBISION SOCKEDS. oho. tooo hoy es Feo ORE Peyote ee £2.95 
Dual adaptors (2 from one socket)................:0ccceceseeeeeee renee £3.95 
Cord terminating with B.T. plug 3 metres.................0...00ceeee eee £4 
Kit for converting old entry terminal box to new B.T. master socket, 
complete with 4 core cable, cable clips and 2 BT extension 
BOCKSTRN okt cate nL ie Nation Saye a deteaeaede Cab, Fax teaed ned £11.50 


PRACTICAL ELECTRONICS FEBRUARY 1988 




















COMPACT FLOPPY DISC DRIVE EME-101 
The EME-101 drives a 3” disc of the new standard which despite 
its small size provides a capacity of 500k per disc, which is 
equivalent to the 35” and 53” discs. We supply the Operators 
Manual and other information showing how to use this with popular 
computers: BBC, Spectrum, Amstrad etc. All at a special snip price 
of £27.50 including post and VAT. Data available separately £2, 
refundable if you purchase the drive. 


DON’T FREEZE UP! - We have had the strongest winds for over 200 
years and who knows we may be in for the coldest winter, so if you 
have not already protected your water pipes you should do so now — 
our heating wire wound around the pipes will do this and will cost only 
about 50p per week to run — 15 metres (minimum length to connect to 
230/240 v mains). Price £5. Our Ref. 5P 109. 

PIEZO ELECTRIC FAN an unusual fan, more like the one used by Madame 
Butterfly, than the conventional type, it does not rotate. The air 
movement is caused by two vibrating arms. It is American made, mains 
operated, very economical and cause's no interference. So it is ideal for 
computer and instrument cooling. Price is only £1 each. Ref BD605. 
SPRING LOADED TEST PRODS -— heavy duty, made by the famous Bulgin 
company. Very good quality. Price four for £1. Ref. BD597. 

CURLY LEAD four core, standard replacement for telephone handset, 
extends to nearly two metres. Price £1. each. Ref. BD599. 

TELEPHONE BELLS - these will work off our standard mains through 
a transformer, but to sound exactly like a telephone, they then must be 
fed with 25 hz 50v. So with these bells we give a circuit for a suitable 
power supply. Price 2 bells for £1. Ref. BD600. 

ULTRA SENSITIVE POCKET MULTIMETER — 4k ohms per volt— 11 ranges 
— carry one of these and so be always ready to test ac/dc volts to 1000, 
DC milliams and have an ohms range for circuit testing — will earn its 
cost in no time. Price only £7. Ref. 7P2. 

BLOW YOUR ROOF OFF - 140 watt speaker systems — new type you 
must not hide! they have golden cones and golden surrounds and look 
rally “Bootiful” 12” Woofer, Midrange and Tweeter and comes with a 
crossover at a special introductory price of £49, carriage paid. Two sets 
for £95 carriage paid. 140w Woofer only £35 carriage paid. 

3% & 5% FLOPPY DISC DRIVES now in stock all are new and made by 
famous Epson company. All are double sided drives with storage 
capacity of 1 meg byte. They have standard connections and are fully 
compatible with conventional systems. Both are small size and light 
weight. Price — either model is £57.50 plus £3 post. Price includes copy 
operating data. 

APPLIANCE THERMOSTATS - spindle adjust type suitable for convector 
heaters or similar price 2 for £1. Ref. BD582. 


12 volt MOTORS BY SMITHS 

Made for use in cars, etc. these are 
very powerful and easily reversible. Size 
33” long by 3” dia. They have a 

good length of 4” spindle — 

1/10 hp £3.45 

1/8 hp £5.75. 1/6 hp £7.50 


SOUND TO LIGHT UNIT 

















Complete kit of parts for a three channel sound to light unit 
controlling over 2000 watts of lighting. Use this at home if you 
wish but it is plenty rugged enough for disco work. The unit is 
housed in an attractive two tone metal case and has controls for 
each channel, and a master on/off. The audio input and output are 
by 4” sockets and three panel mounting fuse holders provide 
thyristor protection. A four pin plug and socket facilitate ease of 
connecting lamps. Special price is $14.95 in kit form. 


; pt ‘ 
This Month's Snip 
9” VDU OR MONITOR ideal to work with computer or video camera uses Philips 
black and white tube ref M24/306W. Which tube is implosion and X-Ray radiation 
protected. VDU is brand new and has a time base and EHT circuity. Requires only a 
16V de supply to set it going. It's made up in a lacquered metal framework but has 
open sides so should be cased (if you are handy with a drill and file you could make 
a case out of two of our 63” speaker cabinets). The VDU comes complete. with 
circuit diagram and has been line tested and has our six months guarantee. Offered 
at a lot less than some firms are asking for the tube alone, only £16 plus £3 post. 
We also have some that failed the line test, again brand new but offered without 
guarantee at £8 plus £3 post. We do a kit for the 16V 2A psu to operate this moni- 
tor price is £3 our ref 3P26. 


LIGHT BOX 


This when completed measures approximately 15” x 14”. The light 
source is the Philips fluorescent ‘W’ tube. Above the light a sheet 
of fibreglass and through this should be sufficient light to enable 
you to follow the circuit on fibreglass PCBs. Price for the complete 
kit, that is the box, choke, starter, tube and switch, and fibreglass in 

£5 plus £2 post, order ref 5P69. 


TANGENTIAL HEATERS 


We agin have very good stocks of these quiet running instant heat 
units. They require only a simple case, or could easily be fitted into 
the bottome of a kitchen unit or book case etc. At present we have 
stocks of 1.2ks, 2kw, 2.5kw and 3kw. Add post £1.50 per heater if not 
collecting. 

CONTROL SWITCH enabling full heat, half heat or cold bow, with 
connection diagram, 50p for 2kw. 75p for 3kw. 






COMPUTERS 


The Acorn “‘Electron’’ as used in many schools for games and serious jobs. Works 
into colour or Black and White TV. Proper price was £199, our Price, tested and 


working £45 + £3 post, tested but slightly faulty £36 + £3 post and lastly tested 
but not working £20 + £3 post, all are new and complete with: mains P.S.U., 300 
page handbook, TV lead, and starter cassette. Full range of Software also in stock 
at very low prices. 


TELEPHONE LEAD 


3 mtrs long terminating one end with new BT, flat plug and the other end with 4 correctly 
coloured coded wires to fit to phone or appliance. Replaces the lead on old phone making it 
suitable for new BT socket. Price £1 ref BD552 or 3 for £2 ref 2P 164. 


POWERFUL IONISER 


Generates approx. 10 times more IONS than the ETI and similiar circuits. Will 
refresh your home, office, shop, work room etc. Makes you feel better and work 
harder — a complete mains operated kit, case included. £11.50 + £2 P&P. 


J & N BULL ELECTRICAL 
Dept. P.E., 250 PORTLAND ROAD, HOVE, 
BRIGHTON, SUSSEX BN3 50T 


MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders 
under £20 add £1 service charge. Monthly account orders accepted 
from schools and public companies. Access & B/card orders 
accepted. Brighton 0273 734648 or 203500. 














NEW ITEMS 


Some of the many described in our current list which you will receive with your parcel 


£2 POUNDERS* 


2P122 - 1 30a rotary switch, surface mounting with pointer knob 


) 


2P123 - 1 25a rotary switch, surface mounting, cover engraved, high, medium low 
and off 
2P124 - 1 28kv .001mfd block condensor 
2P127 - 1 30a bridge rectifier assembly on heat sinks 
2P129 - 1 10rpm motor 115V so supplied with adaptor for 230V 
2P131 - 1 Crouzet motor 230V fits the Crouzet gearbox 
2P132 - 1 ceiling heat-stat for fire warning or protection 
2P133 - 1 Circuit breaker 20a, Crabtree ref C50 
2P134 - 1 9V 500mA psu, plugs into 13a socket 
2P135 - 10m 10 conductor intercom cable 
2P136 - 1 23kw element made for tangential blowers 
2P137 - 1 Thermo couple, stainless steel tipped for measuring internal heat 
2P138 - 1 Mains transformer 20V-0-20V 1a upright mounting 
_2P141 - 1 rechargeable battery D size (4 AH) solder tag ended 
2P142 - 10m 4 pair intercom cable White PVC outer 
2P144 - 1 mains operated relay with 4 x 8a c/o contacts 
2P147 - 1 10w 100ohm line matching transformer 
2P148 - 1 Technical information on 3” FDOD refundable if you buy fdd 
2P149 - 5 diff battery operated model motors 
2P150 - 1 PSU chassis with all components for 24V 2A d.c. unwired 
2P151 - 1 Metal box 145 x 14 x 4 with lid add £2.00 post 
2P152 - 1 Motor start capacitor 80uf 250V 
_ 2P153  - 1 Two station intercom unused but line reject 
. 2P154a - 1 Nicad charger — plug into 13a socket 5.2V .7UA output 
| 2P154b - 1 Nicad charger — plug into 13a socket 6V .S9VA output 
2P155 - 1 Mains transformer giving 16, 17, 18 & 20V BOW 
2P158 —- 1 Oven thermostat with temp calibrated knob 
2P159 - 1 9V 500ma cased with mains lead and output lead 
2P160 - 1 13a plug adaptor fused takes 3 x 13a plugs 
2P161 1 6” diagonal side cutters 


2P162 - 1 Stereo Matrix PCB mounting deemphasis K35 


2P163 - 1 AC Working capacitor 12uf 660V AC or 1500V de 
2P163a - 1 AC Working capacitor 14uf 350V AC or 800V dc 
2P164 - 3 Phone leads 3 mtrs long tags one end B.T. plug other end 


£3 POUNDERS* 

3P7 = - 1 DC voltage, doubler or halver for 12V to 24V 12 to 6V 24 to 12V 
3P8  - 1 24hr time switch Sangamo, new condition Guaranteed 1 year 

3P9 = - 12V 500mA psu plugs in 13a socket 


3P10 - 1 Mains transformer 50V 2A with 6.3 pilot light winding, upright mounting, 
fully shrouded 

3p13  - 1 Noise filter to fit in mains lead of appliance up to 25a 

3P15 - 1 waterproof case will take 200 watt transformer 

3P16 - 1 signal box, 3 lamps on face plate of metal box size 53 x.34 

3P17  - 1 choke and starter to work 8” fluorescent tube at 125W 

3P18 - 1 22V 3a mains transformer with bridge rect fitted on top panel 

3P20 - 1 0-5a ammeter 33 ac/dc ex equipment 

3P21  —- 1 power factor correction condenser 35uf 350ac 

3P22  - 1 200va - auto transformer 230 to 115V torroidal encapsulated £1.50 post | 

3P24 - 1 3” floppy disc for Amstrad etc. 

3P25 - 17” Electricians pliers 


| SUPER WATER PUMP - Approx ‘4 hp mains operated originally intended 
to operate a £300 shower unit at a controlled pressure — but of course 
suitable for many other water or liquid moving operations — where a 
good flow at a constant pressure is required — Price £25 each V.A.T. and 
Post Paid. Our Ref. 25P2. 

VERY USEFUL MULTI TESTERS -— These have all usual ranges AC & DC 
volts - DC MA and OHMS etc but an unusual and very useful feature 
is a “low OHMS” range. Very useful for checking dry joints etc. They 
are ex G.P.O., and may have faults but we test and guarantee the 
‘movement to be O.K. Price £3 each. Ref. 3P30, or two, same make and 
type, Price £5. Ref. 5P-110. 

AGAIN AVAILABLE - 12” mini fluorescent tubes - Price £1 each. Ref. 
BD314. 

POWER PACK OR AMPLIFIER CASE - Size approx 10” x 81%" x 4%" plated 
steel —- with ample perforations for cooling. Front panel has on/off swtich 
and E.E.C. mains inlet plug with built in RF filter - undoubtedly a very 
fine case which would cost at least £50 from regular sources, our price 
is £5 each and £3 post. Ref. 5P111. 

MINIATURE BCD THUMB WHEEL SWITCH - Matt black edge switch 
engraved white on black — gold plated, make before break contacts - 
size approx. 25mm high 8mm wide 20mm deep — made by the famous 
Cherry Company and designed for easy stacking — Price £1 each. Ref. 
BD601. 

EDGE METER — miniature, whole size approx 37 mm x 13mm 100 ua 
fsd—centre zero scaled 0 to —10 and 0 to +10. Price £1 each. Ref. BD602. 
LARGE 2 SPEED MOTOR - 1 hp at 250 rpm and % hp at 200 rpm - 
continental make, intended originally to power an industrial machine — 
regular price over £60, our Price £15 plus £5 carriage. Ref 15P5. 
RUBBER FEET - Stick on — Ideal for small instruments and cabinets — 
pack of 56 for £1. Ref. BD603. 

CLEANING FLUID - Extra good quality - intended for video and tape 
heads — regular price £1.50 per spray can — our Price - 2 cans for £1. 
Ref. BD 604. 


£4 POUNDERS* 
4P11 —- 1 Car Radio aerial 
4P12 - 50m low loss co-ax 75ohm + £1 post 


4P13  - 3 Hortsman time and set switches 15amp 
4P14  - 1 150w mains transformer “‘c’’ core 43V 3.5A secondary 
4P15  - 1 powerful motor 2” stack fitted with gearbox final speed 60rpm mains 


operated, could operate door opener etc. 
4P17. - 1 Uniselector 3 pole 25W, 50V coil standard size 
4P18  —- 1 Volt meter with digital display (DIGIVISOR) 


£5 POUNDERS* 


5P86 - 1 Transformer upright mounting 230/240V primary 2 x 100 1a secondary 
5P88 - 1 Transformer in waterproof metal box 24V 5A add £2 post 


5P89 - 1 4 bank heating element each 2kw ideal convector heater 
5P90 = - 1 18” long tangential blower with motor at one end 

5P91 - 1 14” blower, motor in middle 

5P92  - 10m Audio co-ax double screened 75ohm super low loss for TV 
5P93  - 1 6” Alarm bell 24V dc or ac 

5P94 - 1 Current transformer 14V out with 1a dc input 

5P95 - 1 Vintage photo cell 

5P97 - 1 Impedance matching transformer O-4-5-8-160 ohm 100 add £150 post 
5P98a - 1 0-90a ammeter for mounting outside control panel 

5P98b - 1 0-180a ammeter for mounting outside control panel 

5P99 = - 1 Mains operated blower centrifugal output size app. 5” x 13” 
Pa - 1 Mains splitter 45a switch 3 x 15a fused circuits 


1 Model motor 1 rpm from 6V reversible 


£8 POUNDERS* 


8P1 - 1 Charger transformer 10a upright mounting 230/240 primary 16v 10a 
secondary 

8P2 - 16” underdome alarmbell suitable for a fire alarm or burglar alarm mains 
operated. 

8P3 - 1 heat sink big powerful so ideal for power transmitter 

8P6 - 1 24hr time switch - 2 on offs 16a c/o contacs 3” x 3” x 13” 

8P7 - 1 Silent sentinel invisible ray kit 

8P8 _ - 1 Papst fan 34 x 34 x 14 230V metal bodied 


£10 POUNDERS* 
10P14 


- 1 100a time switch 1 on/off per 24hr extra triggers £1 pair 


10P15 - 1 Max demand meter 230 ac mains 

10P16 —- 1 powerful air mover 2 small type blowers with motor in middle 
10P18 - 1 mains operated klaxon 

10P19 - 1 12V alarm bell really loud, mains operated, in iron case + £5 post 
10P21 - 1 super metal box size 19” x 20” x 7” deep lockable + £3 post 
10P22 —- 1 sensitive volt meter relay 

10P23 - 1 fruit machine heart 3 fruit wheels each stepper motor operated 
10P24 - 1 big panel meter face size 43 x 2} 200uA movement scaled 1-10 
10P25 - 1 100W audio transformer 50-0-50W primary 8 ohm secondary 
10P31 - 17 day time switch 16a c/o contacts sep switches for each day 
10P32 - 1 68 rpm 1/6th hp motor reversible 
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[ these days of high tech music, it’s 
easy sometimes to loose sight of the 
fact that not everyone wants or can 
afford the necessary equipment. Un- 
doubtedly, the cost of sophisticated 
electronic musical instruments complete 
with computer and digital interfaces has 
been plummeting as chips become more 
complex, equipment becomes smaller, 
and more companies make their impact 
felt on the scene. Nonetheless, to those 
whose income may be less than ideal, or 
non-existent, even such competitive 
prices may be too expensive. 


RHYTHM RIDDLED 


This does not stop people from 
wishing to make music; those who are 
really stricken by the need to let tunes 
or rhythms pour forth, will do so irres- 
pective of the facilities available. Hands 
beating on a tabletop, fingers plucking 
at a tuned rubber band, throats vibrating 
in song, all signs of the desire to make 
music. Music is part of human nature. . 

To those with a litte more talent, and 
perhaps with a few extra pounds, or 
generous relatives at gift times, guitars 
become an ideal instrument to play. 
Pleasure can be just as great whether 
the guitar is acoustic, or electronically 
powering into an amplifier. With the 
electric guitars, it is easy to plug in an 
extra box of some sort to also change 
the nature of the tone or character. In 
this way, greater interest can be created, 
and whole new realms of sounds pro- 
duced. Some of these may even help a 
moderate musician to sound more 
adept! 


POPULAR POPS BOXES 


Of the units generally available at 
little cost, there are perhaps just half a 
dozen or so that are the most commonly 
used. Probably one of the more 
interesting boxes is one that gives echo 
or reverb, adding spaciousness to the 
music. Chorus, flanging, phasing and 
double tracking are also related to echo, 
and they too have their widespread 
appeal. Fuzz and heavy overdrive units 
have their addicts, though unconverted 
listeners may query why distortion is 
thought to be a sign of modern music 
maturity. Tremolo and vibrato as well are 
easy to produce via simple control boxes. 
Curiously though, vibrato seems less 
common than it deserves to be; it is after 


24 


TREMOLON 


BY JOHN BECKER 


TRIM THAT TCA TO YOUR TASTE 


Your editor does not like to be caught standing still, so hiding deep within 
this simple. and economical tremolo unit are stranger sounds and a variety 
of choices for the constructor. 






The finished unit. No prizes for spotting the spelling error. 


all the effect that any stringed or vocal 
musician will deliberately introduce to 
create mood. 

The two effects simplest to produce 
electronically, are fuzz and tremolo. 
Robert Penfold produced a superb little 
Bright Fuzz unit for the May 1987 issue 
of PE. 'To show just how easy and effec- 
tive tremolo can be, I have designed this 
very simple Tremolon unit. It uses only 
one chip, and just a handful of other 
components, and is a valuable but low 
cost addition to anyone’s effects line up. 
It’s simple to make, cheap to buy, and 
interesting to use. 


MISCONCEPTION 


Before looking at the circuit, let’s 
remove a misconception. From numer- 
ous conversations it is apparent that a 
number of people are confused about 
the difference between tremolo and 
vibrato. Certainly they both involve the 
imposing of a low frequency vibration, 
and in that sense tremolo is a vibrato 
effect. In reality though, the character 
of the two effects is widely different, 
both in nature and in operation. 


VIBRATO 


Vibrato occurs when the pitch of a 
basic note or notes is repeatedly and 
smoothly varied up and down. This 
change is not the same as simply shifting 
back and forth between two conven- 
tional notes at a fast rate. It is more 


subtle than that, and usually faster. 

Much research has been carried out 
into what creates the best sounding 
vibrato, both in terms of frequency shift, 
and the rate at which it occurs. Analysis 
of the singing and playing of live 
musicians, and of those who now only 
live through their recordings, reveals 
interesting facts. Although some musi- 
cians may claim that they only sing pure 
notes, in reality, even they may uninten- 
tionally introduce vibrato. Instrument 
players, on the other hand, can be more 
self-controlled, and deliberately decide 
whether or not to add vibrato. 

From the analysis, there seems to be 
a fairly consistent agreement on the 
pitch shift and its rate, a rate which also 
applies to tremolo. The pitch shift range 
usually depends on the basic note that 
is being played, and upon the emphasis 
required by the mood of the music. As 
a rough guide, a shift of about a quarter 
of a tone to either side of the ideal is 
common. 

The rate at which the shift is created 
is also pretty consistent between 
performers, and lies in the range of 
about six and a half cycles per second. 
This too changes with mood and the 
emphasis required. 


TREMOLO 


Tremolo, although varied at similar 
rates and depths to vibrato, is funda- 
mentally very different. It involves 
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Fig. 1. Block diagram of the Tremolon. 





changes in the amplitude, or volume, of 
the music. While a skilled musician may 
be able to create this effect without 
electronic assistance, electronics can 
produce some extremely marked and 
controllable effects. With even a simple 
unit it is possible to rapidly vary the level 
between nil and maximum, and at rates 
well to either side of the 6.5Hz ideal. 
All that is needed is an arrangement as 
seen in the block diagram of Fig.1. 


CIRCUIT BLOCKS 


The set up is basically a voltage 
controlled oscillator that modulates a 
voltage controlled amplifier. Both 
controllers are under manual control, so 
that rate and depth can be modified. 
There is also a signal gain control 
included, though this is not essential to 
the creation of tremolo. 

Looking at Fig.2, the oscillator is 
formed around the components associa- 
ted with IC1a. This is one of two identical 
.circuits within IC1, though they are used 
very differently. 

The functional name of the chip is dual 
transconductance amplifier, or tca. The 
way that it works is not essential to the 
understanding of the circuit. It is 
adequate to simply know that each half 
has two signal inputs, one inverting and 
the other non-inverting, and that the 
level of the signal passing through can 
be controlled by the current flowing into 
a control node. 





The characteristics of the chip 
introduce a high amplification factor. 
This partly depends on the current 
flowing into the control node, but also 
is related to the current being drawn 
from its output: Within limits, the less 
current being drawn, so the higher is the 
gain. To maximise the availability of the 
gain, the tca is followed by a very high 
impedance buffer, IC1b. | 

The abilities of this particular chip 
allow the creation of numerous varying 
circuits, and I have used it in many 
applications. Most readers will know the 
potential versatility of the humble 741 
and its associated family, but I 
thoroughly recommend the LM13600, or 
LM13700 to any experimenting con- 
structor if even greater versatility is 
sought after. 


OSCILLATOR 


In common with other forms of 
oscillator, feedback and amplification 
are needed to create the conditions 
under which self-sustained oscillation 
can occur. 3 

ICla has a network of associated 
components that provide just these 
conditions. The essential timing 
component that governs the rate of 
oscillation is C3. Current flows into and 
out of this capacitor at a level set by the 
current at the control node. In this case 
it is variable by the potential dividerVR1 
and R3. The tapped voltage from the 
wiper of VR1 causes a current to flow 
through the limiting resistor R6. The 
higher the voltage level at the wiper, so 
the greater is the current flowing into 
the node through R6. Since the rate of 
charge of any capacitor is determined by 
the current flowing into it, so VR1 can 
vary the rate of charge into C3. R3 sets 
the minimum possible current. 

IC1b is simply a very high impedance 
buffer stage consisting of two transistors 
in a darlington configuration, Fig.3. Its 
impedance is so high as to have little 
effect upon the charge rate for C3. As 


R6 200k 


>, 


IC1 = LM13600 


(PINS 2 AND 13 NOT USED ) 


Fig. 2. Complete circuit diagram for the Tremolon. 





BUFFER BUFFER 


AMP BIAS DIODE INPUT 
BIAS + OUTPUT ; +VE INPUT OUTPUT 
OQ 


INPUT 


il 
AMP BIAS DIODE INPUT INPUT OUTPUT -VE BUFFER BUFFER 
INPUT BIAS + sae INPUT OUTPUT 


Fig. 3. LM13600 transconductance amp. 





the voltage level on C3 rises, the 
threshold level of IC1b is reached. At 
this point, the darlington pair begin to 
conduct into R7. Since there is a feed- 
back path along R5 as well, the increas- 
ing voltage level is fed back to the 
inverting input of ICla. Once the bias 
level at this input starts to increase, so 
current begins to flow back through ICla 
from C3. Eventually, the level will drop 
below that needed by IC1b, and once 
more the process will reverse, ad 
infinitum. 

The process is additionally enhanced 
by providing positive feedback between 
C3 and the inverting input of [Cla, 
limited by the back-to-back diodes D1 
and D2. 


MODULATION LEVEL 


The initial bias to [Cla comes via VR4 
and R4 as well as that from R5. VR4 is 
used to preset the divided potential as 
seen at the negative input of ICla, so 
predetermining the oscillation range, 
but more particularly setting its sweep 
amplitude. The waveform seen at the 
output of IClb, is a rather shameful 
approximation to a triangle wave 
(Fig.4), though it’s perfectly adequate 
for use as the modulation control of the 
next stage. 
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TREMOLON 
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Fig. 4. Waveform at ICIb 


The output voltage is taken via the 
decoupling capacitor C4 to the level 
control VR2. R8 is not. essential to the 
circuit, but is simply there to limit the 
maximum level available at highest 
setting of VR2. The level tapped by the 
wiper of VR2 is taken via R12 and 
controls the current flowing into the 
control node of [Clc. 


ALTERNATIVES 


It might be expected that the 
amplitude control stage should consist 
of a voltage controlled amplifier. That is 
certainly the conventional way of doing 
things. But many of you will know by 
now that your Ed is sometimes prone to 
unconventional eccentricities. Here is a 
case in point, in which I shall show that 
there are usually more ways than one in 
which specific problems can_ be 
approached. 

What I have chosen to do here is to 
show that by using a modulated filter we 
can produce a tremolo effect, and at the 
same time add a little more interest to 
the sound. 

It is interesting to note that simply by 
changing one component, a voltage con- 
trolled amplifier based around a tca such 
as the LM13600 can be modified to 
become a voltage controlled filter. That 
component is the one on the output of 
IClc. For the network around IClc and 
ICld to operate as a vcf, the component 
becomes a capacitor. For use as a vca a 
resistor would be used instead — a 
nominal value of between 47k and about 
220k would be suitable. For a full gain 
span R13 should also be omitted in the 
vca mode. 


SIGNAL PASSING 


For use either as a vca or a vef, the 
signal is brought into IC1c via the input 
level control VR3, C5 and R9. This level 
control is also somewhat unusual and is 
used as a variable resistor rather than a 
potential divider, though the end result 
is similar. The actual signal level seen at 
the input of IC1c is the tapped level set 
by the total value of VR3 plus R9 feeding 
into R10. Decreasing the resistance of 
VR3 causes a higher tapped signal level 
to appear at the input to [Clc. 


The amount of signal that is allowed 


to pass through IClc is of course 
determined by the current into its 
control node. Now, as we saw with the 
vco in stage one the current coming out 
of IClic will charge or discharge a 
capacitor. If the output signal isan ac 
waveform, then the capacitor will mop 
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up frequencies above the natural time 
constant set by the current and capacit- 
ance ratios. If the control current into 
the node is large, only high frequencies 
will be absorbed. If the current is 
progressively decreased, so the time 
constant will assume a larger value, and 
lower frequencies will be progressively 
mopped up. This process is additionally 
aided by feeding back some of the output 
of ICld to the inverting input of [Clc, 
via R13. The result is that between them 
ICic and ICid behave as a low pass 
filter. 


MOP MODULATING 


We have already established that the 
current flowing into the control node of 
IClc can be varied by the oscillator 
amplitude being output through VR2. It 
should now be apparent that the fre- 
quency response of the vef stage to any 
input signal is going to vary with the 
control level at any given point in time. 
At that point, only signals having fre- 
quencies below the filter cut off region 
will be allowed to pass through to the 
output. Since the vcf response is 
constantly changing with the vco rate 
and level, so the effective amplitude of 
the signal will vary with its frequency. 
An amplitude variation is just what we 
want for a tremolo effect. Quod est 
nearly demonstrandum — almost QED! 

The remaining point to notice is that 
the tremolo effect is not being applied 
to just any old signal, irrespective of its 
content. This would be the case with a 
normal tremolo unit, but here, as it is 
the upper frequencies working down- 
wards that are progressively modified, 
so a more individual effect occurs 
varying with signal pitch. Additionally, 























RIR 4k7 (4 off) 

















/R3,R7,R8,R9,R12,R14 10k (6 off) 
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CLC2.04.C7 22 16V(4 off) 
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/ SEMICONDUCTORS | 

Dipti = inaus 

ACL | LM13600 © 

| VRI,VR2,VR3° 100k Linrotary © 
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Printed circuit board 281A, pcb clibs (4 
off), PP3 battery clip, box (150mm x 
110mm x 45mm), mono jack sockets (2 
off), spst toggle switches (2 off), wire 
and solder, knobs (2 off), 


The PCB and a kit of parts are available 
from Phonosonics. (see advert) 


if the input signal level is allowed to 
overload ICIc, an effect similar to a mild 
phasing will sometimes occur. At 
extremes of overload, and signal fre- 
quency, a slight ‘wah’ effect may also be 
noticeable. 


Fig. 5. Printed 
circuit assembly 
details. 


PRACTICAL ELECTRONICS FEBRUARY 1988 





Returning briefly to pure amplitude 
control, if you replace C6 with a resistor 
as mentioned above, only pure level 
variation will occur, without frequency 
modification. In this instance, by over- 
driving the input to IClc, a fuzz effect 
can be produced. 

The final output is taken via C8 to S2, 
and then to an amplifier in the normal 
way. S2 is included as a bypass switch, 
allowing the unmodified original input 
signal to pass to direct to the amplifier. 


POWER SUPPLY 


The unit draws very little power, and 
is very tolerant of voltage levels. A nine 
volt battery, such as a PP3, can quite 
readily power it. A 12V supply could be 
used instead, though the frequency 
characteristics of the two stages will vary 
in relation to the psu voltage used. For 
testing purposes, note that two basic bias 
levels are used, one for each function 
stage. Both split the psu level in half and 
consist of R1, R2, C2 and R15, R16, C7 
respectively. However, providing you 
have assembled and checked everything 
adequately it is unlikely that you will 
need to do any testing. All that is needed 
is to set VR4 for the best sweep ampli- 
tude, and to use the unit. 


ASSEMBLY 


The printed circuit board layout is 





BURGLAR ALARM 


MUSIC, EFFECTS 
COMPUTER AND 
SECURITY KITS 


CONTROLLERS 
DETECTORS DETER DELINQUENTS 


MULTIZONE CONTROL 
(PE) SET280 £22.77 


Two entry-zones, anti-tamper loop, personal attack, 
entry-exit timing, timed duration, automatic resetting, 
latching LED monitors. 


SINGLE ZONE CONTROL 
(PE) SET279 


£9.32 


With timed duration control and latching LED monitor. 


Both units can be used with any standard detection 
devices, such as contact or magnetic switches, 
pressure pads, tremblers, ultrasonics, infrared etc, and 
will activate standard bells, strobes or sirens. 


CHIP TESTER (PE) SET258F 


Computer controlled logic and chip analyser 


CHORUS-FLANGER (PE) SET235 £59.99 


Mono-stereo. Superb dual-mode effects. 


CYBERVOX (EE) SET228 £44.76 
Amazing robot type voice unit, with ring-modulator and 
reverb. 


£39.30 


DISCO-LIGHTS (PE) SET245F £62.50 
3 chan sound to light, chasers, auto level. 
ECHO-REVERB (PE) SET218 £57.66 


Mono-stereo. 200ms echo, lengthy reverb, switchable 
multitracking. 
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Fig. 6. Control wiring details. 


shown in Fig.5, and should be within the 
assembly capabilities of even a novice 
to electronic construction. Indeed, this 
is an ideal unit for GCSE students, or 
anyone else learning about electronics, 
to assemble. Even the wiring details 
shown in Fig.6 are very straightforward. 
There are so few components involved 
that it should not take long to put 
together, and not only will it give useful 
assembly experience, but also result in 


EPROM PROGRAMMER 

(PE) SET277 £25.25 
Computer controlled unit for 4K Eproms. 

EVENT COUNTER (PE) SET278 £31.50 
4-digit display counting for any logic source. 
MICRO-CHAT (PE) SET276 £64.50 
Computer controlled speech synthesiser. 
MICRO-SCOPE (PE) SET247 £44.50 
Turns a computer into an oscilloscope. 
MICRO-TUNER (PE) SET257 £55.32 


Computer controlled, tuning aid and freq counter. 


MORSE DECODER (EE) SET269 £22.16 
Computer controlled morse code-decoder. 
POLYWHATSIT! (PE) SET252 £122.69 
Amazing effects unit, echo, reverb, double tracking, phasing, 
flanging, looping, pitch change, REVERSE tracking! 8K 
memory. 

REVERB (EE) SET232 £27.35 
Mono, with reverb to 4 secs, echo to 60ms. 

RING MODULATOR (PE) SET231 £45.58 


Fabulous effects generation, with ALC and VCO. 


STORMS! (PE) £29.50 each unit 
Raw nature under panel control! Wind & Rain SET250W. 
Thunder & Lightning SET250T. 


% COMPUTER KITS 


The software listing published with the computer kit projects 
are for use with C64, PET and BBC computers. 


MANY MORE KITS IN CATALOGUE 
KITS include PCBs and instructions. Further details in 
catalogue. PCBs also available separately. 


LOW COST 


COUNTERS 
NUCLEAR FREE ZONES? 





+VE 
ON/OFF 


BATTERY —VE 





a worthwhile addition to your musical 
effects line up. 


TREMOLONWARDS 


So, whether you are an escalating 
musician (to whom I refer in the 
Editorial!), an impoverished soloist, or 
an aspiring electronic enthusiast, have a 
bash at the Tremolon and raise your skill 
and thrill thresholds. 












CHECK THEM OUT — 
GET A GEIGER 


Detectors for environmental and geological monitoring. 


METERED GEIGER (PE MK2) 

Built-in probe, speaker, meter, digital output. Detector 
tube options — ZP1310 for normal sensitivity. ZP 1320 
for extrasensitivity. 

Kit-form — SET 264 — (ZP1310) £59.50, (ZP1320) 
£79.50 


GEIGER-MITE SET271 £39.50 


Miniature geiger with ZP1310 tube, LED displays 
radiation impacts. Socket for headphones or digital 
monitoring. 


THE PE GEIGER WAS 
SHOWN ON BBC TV 


“TAKE NOBODY’S WORD 
FOR IT” PROGRAM 





Send SAE for detailed catalogue, and with all enquiries (overseas 
send £1.00 or 5 I.R.C.’s). Add 15% VAT. Add P&P — Sets over 
£50 add £2.50. Others add £1.50. Overseas P&P in catalogue. 
Text photocopies — Geigers 264 & 272 £1.50 each, others 50p, 
plus 50p post or large SAE. Insurance 50p per £50. MAIL ORDER, 
CWO, CHQ, PO, ACCESS VISA. Telephone orders: Mon-Fri, 9am 
— 6pm. 0689 37821. (Usually answering machine). 


PHONOSONICS, DEPT PES82, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED. MAIL ORDER 
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ELMASET INSTRUMENT CASE 


OOK AGS: K SUTIN OO oie see vids. sccdaminctaess £10 ea (£2.20) 
REGULATORS 

LM317T PLASTIC T0220 variable ...............ccessccessesseeeesenees £1 
ee MAN TANG sie oslo Mth cnpcaneatuh eos ebabancabeb lien dices £2.20 
FUR WR TV TN eis ciss tecipsdontccs nce ecgoucaaaens ada seceges £1 
7B05/12/1 5/24 V. DIASHC «2. .cose.cccsecvecessseceseceyeeree 50p 100+27p 
POO Ta SAO CUABUG gions es cecdesswsrcpsdbptecdeacasemussras 50 100+27p 
CA3085 T099 variable reg 0.0... ee ceeeceeeeeeeeeeeeeenes 2/£1 
EOS CP PAPA oes chen chasse sunnvsnssandeasarsSeanausesinsesenees £5 
COMPUTER ICS 

1770 FLOPPY DISC CONTROLLER CHIP .............::ceceeee £10 
68008 PROCESSOR EX-EQPT ............ccsseccsessssnereeeesnereeees £5 
BEI CMG ais vedcecse tat ons gat ncn svegshentenanavhscephia ddesveees £2.50 
SERA SRO OREN ARSE AG BER GLa Mr ate t vam £2 
PG RIEL oes hsticin Seite Sibidec sic eowssstghas £2 100+ £1.50 
PARE LIEUD Seis iiss achiawatesnckece ical inéalan cet £2 100+ £1.50 
BT I Ee ass eihsiciesn caps caibanndan deen nchdscvsasedibognenss £5 
2114 EX EQPT GOp 4116 EX EQOPT 00.0... cccsseeceereeteees 70p 
Ge Ts Ge RS CONTE id ogo cs tae easais cereale £2.80 
BEG CEOS 1 TAP): ies scceesiccscntactvcanpesdleainocosbshepreseseawes £1.50 
WTO PAINE iin ein cae aa Papas Spade aparece pss £3.50 
SURFACE MOUNTED 
TRANSISTORS 

BCW30 BCW31 BCW72 NTAV70 1S2836 min 50/type 

Nr aE a runas © ee sr RAE De Darn Rec biee! Weg toe RS £2.50/100 
POWER TRANSISTORS 

POWER FET IRF9531 8A GOV ..0......... cee ceceeeteeeteeeeee 2/£1 
2N3055H RCA HOUSE NUMBERED ..............::ccecceeeeseeees 5/£2 
DOA SOC) hare TOR OR pins ictivicdeccatasphersveareeqaligisnale 3/£1 100/E22 
TIPV41/2 Ct oa TIP AN242G Fiji iene 2/£1 
So a Beg ce ORR ROE et pega REE OY Sa NEAR oes Ree er £1.50 
SE9301 100V 10A DARL. SIM TIP121 .0......ceeeeeeeeeeeeeeeee 2/21 
BNS055: EX: EQRT TESTO is ciiaicavipratreinrinasspedibosintinchases 4/£1 
PLASTIC 3055 OR 2955 equiv 50p ..........:cceeesseeeeeees 100/E35 
2N3773 NPN 25A 160V £1.80 ........cseeeeeereeceeeseeeeeeeees 10/£16 
EAS 5 see his ra ecole bape sepia ty wie adages aewhagnteaannit 5/£1 
QUARTZ HALOGEN LAMPS 

BA/OVS SAV 160 WRUNG jaisioseecc ke AR rigs ie. £2.25 
EY T2V SOW ICAP SPOTS nsec saseads dciiansitgnrcevgntessss ait £1.50 
MISCELLANEOUS 

SMALL MICROWAVE DIODES AE! DC1028A ............. 2/£1 
RG62 CO-AX LEAD 2 METRES + BNC PLUG ............. 2/21 
D.I.L. SWITCHES 10 WAY £1 8 WAY 80p 4/5/6 WAY .. 50p 
180 volt 1 watt ZENERS ALSO 12V .......:ccccceeecseteseeeeees 20/£1 
50 OHM MINIATURE CO-AXIAL CABLE RG316U 

iL dab casa cadeantepaiibe de iv ab aCtisth aie yates doo AURA KO on IR a reaeaes 50p/METRE : 


OLIVETTI LOGOS CALCULATOR KEYBOARD (27 KEY) PLUS | 


12 DIGIT FLUORESCENT DISPLAY ON DRIVER BOARD (i.e. 
CALCULATOR LESS CASE, TRANSFORMER AND PRINTER) 
£1.30 


PTUUTTTETTLTEUTEEE PTET TT TT) 


WAY D PLUG, PUSH BUTTON SWITCH, DIN SOCKET . £1 .90 
VN10LM 2A 50hm TO-92 mosfet .........: cee 4/£1 100/E20 
MIN. GLASS NEONS. 0.00.0... .cccsssnssnssevevessandeaverrepenserensnneess 10/£1 


RELAY 5v 2 pole changeover looks like RS 355-741 marked 
STC 47WBO5T 2/£1 
OMRON RELAY 3.6 volt coil 2p c/o contacts marked G4D-287P- 
BT2 2/£1 
MINIATURE CO-AX FREE PLUG RS 456-071 
MINIATURE CO-AX FREE SKT. RS 456-273 
DIL REED RELAY 2. POLE n/o CONTACTS 
Zettler 24v 2p c/o relay 30 x 20 x 12mm sim. RS 348-649 

seal vin SuscrppN ike i<oatined gels is apiece aes be eS £1.50 100+£1 
PCB WITH 2N2646 UNIJUNCTION with 12v4POLE RELAY £1 
400m 0.5w thick film resistors (yes four hundred megohms) 4/£1 
MINIATURE CO-AX FREE PLUG RS 456-071 2/€1 
MINIATURE CO-AX FREE SKT.RS 456-273 
STRAIN GAUGES 40 ohm Foil type polyester backed balco grid 
alloy £1.50 ea 10+ £1 
ELECTRET MICROPHONE INSERT £0.90 
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-267 
£2.50 100+ £1.50 
£1 
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KEYT RONICS 
TEL. 0279-505543 
P O BOX 634 
BISHOPS STORTFORD 
HERTFORDSHIRE 
CM23 2RX 


ELECTRONIC COMPONENTS BOUGHT FOR CASH 


OSCILLOSCOPE PROBE SWITCHED X1 X10 





CHEAP PHONO PLUGS. ............seccceseetseees 100/E2 1000/£18 
1 pole 12 way rotary SWICK ........ cece ceteeetertteeenteenteeenes 4/21 
AUDIO (CS UMSEO. LDABOG isis. ci cccsnnaisnccaivcdagiovinetrienss £1 ea 
555 TIMER 5/€1 741 OP AMP... eeeeceestcseeeseeeeseeeeeees 5/€£1 
ZING 14 IE FRA CPP isis vesciecerectvcictaceicacteleamesnsterosangine 80p 
COAX PEUIGS iC ON sian si cs sel nisi sipece st cxdeathaetacionns 4/£1 
4 x 4 MEMBRANE KEYBOARD .............::ccccceeeceteeeteeeees £1.50 
15.000uF 40V SPRAGUE 36D ...............::eee £2.50 (£1.25), 
INDUC TORT SOM FGA vtincns ont pockogearcthns hndso ch oe priigans 5/21! 
IEEE T) POLE EAD oi Fabs cs cossanh aca cuvesncchuwbeass sagan £1.50 
1:26” PANEL FUSEHOLDERS ii....c)coisnsconsssievvsoressandeoses 5/£1 
CHROMED STEEL HINGES 14.5 x 1” OPEN ............... £1 ea 
TOK KEY SWITCH 2 POLE 3 KEYS ideal for car/home alarms 
Re, a ORM ALORS ceatatey ata hte URS RS Taege OREN SLL gy sy Me Ee Po £3 
12v 1.2w small wire ended lamps fit AUDI VW TR7 SAAB VOLVO 
sr 2k sca aloe wan de de Ubu gate aay Kania sek Gouda Pa oAD BENE Eka s Fedo enti bnad poe co oomataw ee 10/£1 
12V MES LAMPS Be cee Sin iliimshuinacnpmeas 10/£1 
STEREO CASSETTE HEAD ci.kc..ce eects cc ressennatnetens £2 
MONO CASS.HEAD £4 ERASE HEAD .............::ccceeeeeeees 50p 
THERMAL CUT OUTS 50 77 85 120°C .........:ccseeeeeeeees £1 ea 
THERMAL FUSE 121°C 240V 15A ou... .ccceceeseseteeeeereeeenees 5/21 
TRANSISTOR MOUNTING PADS TO-5/TO-18 ......... £3/1000 
TO-3 TRANSISTOR COVERS © o....ccccccc cc cscstccsneserssseeoens 10/£1 | 
STICK CON. CRIN Frat he sas crcreoaahne ve cipecde ch pacey tocar saiees 30/£1 | 
PCE:PING FIT 0.3" VERO ini cis e ied incident 200/21 | 
TO-220 micas + bUSHES ...........ccccccescssenceeeeees 10/50p 100/£2: 
TOS re TI cco sdeatitesisnt ns bceosepsscntigeesdi tanned 20/£1 
Kynar Wire WrAPPING WIPE ..........cccceeeeeeseeseeenenteeeennesens 202/£1 
PTFE min screened Cable, ...........cccccceseseceeeeeeseenneneeeens 10m/£1 
Large heat shrink SleeVINg PACk ..........:cceceeeseeereeseseeteeeeees £2 
CERAMIC FILTERS 6M/9M/10.7M .........22000000+ 50p 100/£20 
TOKIN MAINS RFI FILTER 250v 150A ..........cccecseeseeseeeeeeenees £3 
IEC chassis plug rfi filter 10A. ...........ceeceeeeeeseeeeeeeeeteeseneeees £3 
Potentiomenters short spindles values 2k5 10k1m2MS5lin 5/£1 
BOOK Vi SOOK 10 coceeiccci cases cil ccccctvensscteatdernseseatecngersn reese 4/21 
40Khz ULTRASONIC TRANSDUCERS EX-EQPT NO DATA 
dave 6aivslacap Von BoC all Cane Ei gtcolo PAE: Cubed Dra heertna <u oh aa pki nates bi pena lenin Ssekieans £1/pr 
PLESSEY INVERTER TRANSFORMER ............ 50 CYCLES 
4.1.5-05T LBV 16 240V QOOVA fie cic seis eicescnts cena £6 (£3) 
ZENERS 


5.6V 1W3 SEMIKRON 50K AVAILABLE @£25/1000 


DIODES AND RECTIFIERS 
[BAW76 EQUIV 1N4148 .....cccssssessssssess £60/10,000 








MMM ie Nc Beg ic hindak: vy psssudeodar tens etbles vacncegespsdeyes 100/£1.50 
TINAOOA/ SEG FR SO ioc oii. chiccetescgadsctnsccisckoqeas cocetapteostey 100/E3 
SIT, a NI eas ae sacs celiac cncbacang ccoechnavnssccenvsviyeant 10/£1 
BA158 1A 400V fast reCOVELy .........cecceceseeeeeeeseseteeeeeeeee 100/E3 
BA159 1A 1000V fast reCOVETY ......... cc cceeceeeseeeeeeeeeeeeeees 100/£4 
ME A a i ace iisac bes aac fip ios Gene LaVecacwar tea takacies ceadegenacs? 65p 
op et yal Bie ht on Se GRINS: CM 2 SRR cS a a Same Ra cet 10/£1 
RVG oi daca delve vo tnaastateee eth di sdabncticsets 8/£1 
EY SG FE SAME Naa cnt Gs cc scscr tas ots tons pee scaadinn pesdeusapevcensban 6/£1 
CR OC SUPE FO iss ogc s sn co ncsitsesed i avvncn sya nce nten esses 4/£1 
-VM88 800MA 100V DIL B/REC ......... cc ceececceeeeseeeeeeeeeeeeees 5/£1 
AA BOOV BRIDGE FEC TIPIER  ooiiia ss ..g.sciivagesepsbodscncseasevee 4/£1 
BB IV Fe 5 aii ova hosp Markos Cantnaerbntbodgevantas sos gphtants 3/£1 
GR TT CPE ios ic soon ccebsaceahoaveedsccsceeess ookss sacdtiascresoame 2/£1 
Ba QO POP ae eecls ia cdaleass ons ctneradnsadhevededsscaes Ge 2/£1.35 
SOA DOO Tee eile sian cscs aek kv 5s hs hapicen oes epahawteaes £1.50 
DEA: 2OOV BRIDGE Bek ais sccieiecetesenccskatsnebackonsGinsevoaness 10/E18 
25A 400V. BRIDGE S2.BO oiccicbisicc cc csccecsscesenseesanenees 10/E22 
SCRS : 

QRPAM BOR CHG 5 oi. ccvsdes eicdavxeeiencosansohorerestt 3/E1 100/E20 
MGR72-6: TOA BOO BOR cid tc ase ieee icc ales cage tease £1 
IEA GOOV BTL ER ooocicdlatesekes faadacs wsveebat Shaw echanVeniggsmesenie £2 
TICV106D 800mA 400V SCR ...........::ceccccceeeeees 3/£1 100/E15 
MEU21 PROG. UNIJUNCTION .............eeeceeeeeseeeesseeeeeees 3/£1 
TRIACS. .........c...cc eee DIACS 4/£1 
NEC TRIAC ACOS8F 8A 600V TO220 ............... 5/£2 100/E30 
NEC TRIAC ISOL. TAB TO220 6A 400V ..........ceeeeeeeeeeeee 2/21 . 
TXAL225 8A 400V 5mA GATE ........::ccceceeeeseeees 2/£1 100/E35 
TRAL2230D 30A 400V ISOLATED STUD ............... £4 each 
CONNECTORS 

CENTRONICS 36 WAY IDC PLUG **was £3.50 ..... £2.50 
CENTRONICS 36 WAY IDC SKT. .......ccccecescceeeeeseeeeees £4.00 


MIN-CASH ORDER £3.00 
UNIVERSITIES COLLEGES SCHOOLS GOVT DEPARTMENTS 
MIN. ACCOUNT ORDER £10.00 





CENTRONICS 36 WAY PLUG 

SOE TRO Fe iain sick a cacantipheed a hv epedcnaaicpagnanSeyes sUanakasewidernonsn £4) 
BBC TO CENTRONICS PRINTER LEAD 1.5M ..........+. £3.50 
USED CENTRONICS 36W PLUG+SKT. ..........:.:ccceeeteeneees £3) 


USED D CONNECTORS price per pair 
D9£1,D15£1.50, D25 £2, D37 £2, D50 £3.50 covers 50p ea. 


WIRE WOUND RESISTORS | 
W21 or sim 2.5W 10 of one value 
R10 OR15 OR22 2RO 2R7 4R7 5RO 5R6 8R2 10R 12R 15R 
18R 20R 22R 27R 33R 36R 47R 56R 62R 91R 100R 120R 


180R 390R 430R 470R 560R 680R 820R 910R 1K15 1K2 1K5) 

1K8 2K4 2K7 3K3 3KO 5KO 10K 
_ RO5 (50 milli-ohm) 1% 3w 
| W22 or sim 6W 7 OF ONE VALUE 
| R47 R62 1RO 1R5 1R8 3R3 6R8 9R1 10R 12R 20R 24R 27R, 
_33R 51R 56R 62R 68R 100R 120R 180R 220R 270R 390R’ 
 560R 620R 910R 1KO 1K2 1K5 1K8 2K2 2K7 3K3 3K9 4K7 8K2, 
/ 10k 15K 16K 20K 


POeeUECOUOCCCOCO CSCS 


W23 or sim 9W 6 of one value £1 
R22 R47 1RO 1R1 15R 56R 62R 100R 120R 180R 220R 300R 
390R 680R 1KO 1K5 5K1 10K 

W24 or sim 12W 4 OF ONE VALUE £1) 
R50 1RO 2RO 6R8 9R1 10R 18R 22R 27R 56R 68R 75R 82R' 
100R 150R 180R 200R 220R 270R 400R 620R 1KO 6K8 8K2 
10K 15K 


‘PHOTO DEVICES. 


' SLOTTED OPTO-SWITCH OPCOA OPB8'15 ..............- £1.30: 
a ae ne os ecb ewlsNen shpensameinonsa dete 50p _— 
THEOL PICT) TRITON inn hoes ie apeteens £1 
THS38 INFRA RED LED .n. eli iiiccdeccevceecancecsnsseseoevetnges 5/£1 
CPF 2 Se OFT OR a icing cas dea dopiv is co Rh apabancdetacenscags 50p 
PNET) CONE Ue aca dik snciib se Wes wien sen cdensden des oop phgvenies 6/£2' 
MEL12 (PHOTO DARLINGTON BASE n/c) ..........::seeee 50p: 
RPY58A LDR 5O0p ORP12 LDR ....0........ ee ceeeeeeeeeeeeeeeeeeeeees 70p 
LEDs RED 3 or 5mm 12/84 ou... ccc cece ccceeceeeeeeeeeeneeeeees 100/£6 
LEDs GREEN OR YELLOW 10/€4 ..............ceeeees 100/£6.50| 
LEDS ASSORTED RD/GN/YW + WRED .................... 200/£5| 
FLASHING RED OR GREEN LED 5mm 50» ........... 100/£35 


SUB MIN PRESETS HORIZONTAL 


15/£1 100/£5 


1K 4K7 10K 22K 47K 1M 10M 


MULTI TURN PRESETS *%’ 
10R 20R 100R 200R 250R 500R 2K 2K2 2K5 5K 10K 22K 47K 
50K 100K 200K 500K 2M2 


IC SOCKETS 
6 pin 15/£1 8 pin 12/€1 14/16 pin 10/£1 18/20 pin 7/£1, 
22/24/28 pin 4/£1 40 pin 30p 


SOLID STATE RELAYS 


Zero voltage switching Control voltage 8-28v dc .......... £2.50 
40A 250V AC SOLID STATE RELAYS) ..........:ceccceeteeeeeeee £18. 
POLYESTER/POLYCARB CAPS 

120/3N3/5NG6/8N2/10N 1% G3V LOMM .... eee eeeeeeetees 100/£6 
10n/15n/22n/33n/47n/68n 10MM rad .........cceeeeeeees 100/£3.50 
TOOT SSOV CONE) TOWN a5). 5 0 sncec iki Beicsc cee. ccnjeeestvotterhns 100/E3, 
100n 600v sprague axial 10/E4 ......... eects 100/E6 (£1) 
ai: SEY TEL TIN ES: 1. igi cacapa ctinac sabianassespqecksindsesentgs 100/£10. 
10n/33n/47n 250v ac x rated 151MM ..........ccceeeeeeeeeeteee 10/£1 
1U 600V MIXED DIELECTRIC .......... ce eceeeereeeeeeeeees 50p ea. 


TRIMMER CAPACITORS ai types 5/50p 


SMALL 5pf 2 pin mounting 5mm centres 
grey larger type 2 to 25pF 


SRA Fra IIE ssa 5 kos asses csc pemeroenger 60p 
FEED THRU CERAMIC CAPS PON ios hasss tcrccghe 10/£1 
MONOLITHIC CERAMIC 
CAPICITORS 
TORE SION SSRI cscllcssssolaposeninsdgebiornnnenstesspeqessnania> 100/£4.50, 
100n 5Ov 2.5MM OF SMM .......cccsceeeseeeeseeeenneeeneeessastenees 100/E6. 
1 COB GIRONE- III. 2.5 si cckieces atesegsscuncaschadeeisneosive puch sungy 100/E3, 
1001 ax long beads oon... eceeccce cece ceeeteeeeeenteeneneneees 100/£6 
10n 50v dil package 0.3” rad: ..........:eceeeeeeees £4/100 £351000 
100n 50v dil package 0.3” rad ..........ceceeeeeeeeeeeeeeneeeees £10/100! 
STEPPER MOTORS 4 PHASE 2 9V 
I WINDINGS (ie5 0 -eccesertiads... £3.50 10/£30 


MAIL ORDER ONLY 


OFFICIAL ORDERS WELCOME 


P&P AS SHOWN IN BRACKETS (HEAVY ITEMS) 
65p OTHERWISE (LIGHT ITEMS) 


ADD 15% VAT TO TOTAL 
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In the white heat of 
electronic invention, it Is 
easy to overlook the 


prosaically physical 
problem of heat 
dissipation. Until 
something goes phut... 


hen a transistor is working, power 

is not only delivered to the load, a 
loudspeaker for example (something we 
do want), but, like any other appliance, 
power is also dissipated inside the 
transistor itself, most of it at the collector 
junction (something we don’t want). The 
worst case occurs in Class-A operation 
where, in the absence of a signal, the 
greatest power is dissipated at the 
collector. 

If the heating is very small, as. it is in 
small-signal amplifiers, we can rely on 
air convection and the conducting paths 
provided by the connecting wires, and 
the copper on the printed board to which 
the wires are soldered, to remove the 
unwanted heat from the transistor as fast 
as it is produced. With power transistors, 
however, we cannot rely on this method 
because the heating generated is too 
great to be conducted away quickly 
enough. So we have to mount the 
transistor on a large area of metal plate 
(or use the metal chassis of the case), 
and this serves to get rid of the generated 
heat into the surrounding environment. 
Such a plate is called a “heat sink”. 

According to molecular theory, the 
temperature of a solid is a function of 
the extent of vibration of its molecules 
about their mean position. So when one 
end of a metal bar is heated the extent 
of the vibration of the molecules at this 
end is increased. These vibrations affect 
neighbouring molecules and cause them 
to vibrate in turn. Thus, heat is 
conducted along the bar until, assuming 
it is perfectly lagged and loses no heat 
by radiation, the whole bar reaches the 
same temperature. 

The choice of a material for a heat 
sink depends upon its ability to conduct 
heat efficiently, that is, it must have a 
high “thermal conductivity” or a low 
“thermal resistance”. As a_ general 
approximation, if a metal is a good 
conductor of electricity it is also a good 
conductor of heat. Copper and 
aluminium are both good conductors 
and most heat sinks used in the 
electronics business are made from one 
or other of these metals, most generally 
from aluminium. 


AN ELECTRICAL ANALOGY 


Aconvenient way of investigating heat 
sink problems is to relate the flow of 
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heat along a metal conductor to the flow 
of current along a conductor. 

Electric current flows (in the 
conventional sense) from a point of high 
electrical potential (voltage) to a point 
at a lower potential. Similarly, heat 
energy will flow from a point at a high 
temperature level to a point at a lower 
temperature. We can make comparisons 
by looking at Fig. 1 (a) and (b). 

As it flows along a conductor, electric 
current encounters resistance to the flow 
and Ohm’s Law tells us that the current 
flowing depends upon the potential 
difference across the ends of the 
conductor. So 


Voltage difference = current 
x electrical resistance 


Or V,-V, =IXxR 


or R = a volts per ampere. 


Hence, resistance is defined as the 
voltage difference (or voltage drop) per 
unit current (ampere). Electrical 
resistance, of course, depends upon the 
material from which the conductor is 
made and its physical dimensions. 

In the same way, the flow of heat along 
a conductor also encounters “resistance” 
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How to keep your cool 
BY STEVE KNIGHT 
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and this too is a function of the material 
and its dimensions, and, additionally in 
this case, of the surroundings of the 
conductor. Suppose we use the symbol 
§ to represent this thermal resistance. 
Then we may say that the heat energy 
flowing (P watts) depends upon the 
temperature difference (T; —T,)° across 
the ends of the conductor. So 


Temperature difference = power 
x thermal resistance 


Or ToT = Pe 


T, 


or § = won °C per watt. 


Hence, thermal resistance is defined 
as the temperature change (or 
temperature rise) per unit dissipation 
(watt). 

See the analogous connection? If you 
keep this in mind, heat sink calculations 
are not problem at all. 


THERMAL RUNAWAY 


Why do transistors require heat sinks? 
If they want to get hot, why worry? In 
the old days, valves never required 
cooling in this way (not outside of large 
transmitters, anyway). Well, we can find 
an answer by looking at Fig. 2. 
Everything hinges fundamentally on the 
collector junction temperature T; of the 
transistor being used. This is always 
higher than the surrounding (or 


HIGH LOW 
POTENTIAL POTENTIAL 
V> V 
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HEAT SINKS 
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POWER DISSIPATED 
AT THE JUNCTION 
CHANGES 


COLLECTOR 
CURRENT 
CHANGES 


ambient) air temperature T,,,», but it has 
an upper limit. There is a maximum 
permissible temperature above which 
the transistor must not go if damage or 
destruction is to be avoided. 
Germanium transistors don't like 
working at temperatures above some 
85°C; silicon transistors are hardier 
creatures but anything over about 180°C 
is not appreciated. These upper 
temperature limits are stated by the 
manufacturer of the transistor and are 
symbolised T; max. They are decided by 
the physical properties of germanium 


and silicon, not by the manufacturers. | 


As temperature increases, more and 
more electrons are shaken out of their 
valence bonds by the _ increasing 
vibrational energy of the generated heat, 
and these thermally generated electrons 
become available as charge carriers, as 
do the holes which appear simul- 
taneously. These “hole-electron” pairs as 
they are called are strictly unwanted 
carriers, and they form what is known 
as. © “leakage .< curtent’. Phey “are 
dependent upon the temperature of the 
junction inside the transistor and they 
are not under our control in the sense 
that the charge carriers produced by the 
doping of the semiconductor are under 
our control. We can only control them 
by paying attention to the rise in 
temperature. The collector current, 
which we should otherwise expect to be 
stable at whatever value we might set it, 
has the leakage current added to it and 
consequently increases as temperature 
increases. 

Well, we might argue that the answer 
to this one is to keep the temperature 
low and steady; don’t stand your 
amplifier on the radiator or in front of 
the fire! But it isn't so much the 
surrounding ambient temperature which 
causes the problem, it is the heat 
generated internally by power being 
dissipated within the transistor. If we 
now go back to Fig. 2 we can figure out 
what happens. 

Suppose our transistor is working 
away happily in its case, and then for 
some reason the internal dissipation 
increases — this need only be very slight. 
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LEAKAGE CURRENT 
JUNCTION CHANGES 





TEMPERAT URE 
OF COLLECTOR 
JUNCTION 
CHANGES 


ACROSS THE 


Call it AP, where the A stands for a small 
change in the collector power P,, in this 
case an increase. As soon as this 
happens, the temperature of the 
junction (Tj) rises slightly and the 
production of the unwanted carriers 
increases. This additional leakage 
current (AI,,) effectively adds to the 
collector current already flowing and this 
current increase (AI,) lifts the power P, 
dissipated at the collector junction. We 
have now worked our way around the 
diagram in Fig. 2 and arrived at our 
starting place. 

From here on the process repeats, and 
the junction gets hotter and hotter until 
it finally exceeds the permissible limit. 
What you will need then is a new tran- 
sistor and probably a better heat sink! 
The whole disastrous build up can 
actually happen in an extremely short 
space of time and is known as “thermal 
runaway”. Hence thermal runaway 
occurs when the rate of increase in the 
junction temperature outpaces the 
ability of the transistor mounting to pass 
the heat safely away into the 
surroundings. This will always happen if 
the “gain” around the closed loop of Fig. 
2 exceeds unity, that is, when we have 
thermal positive feedback. so, to put it 
in the form of a simple equation, the 
product 


a.b.c.0 < 1 for stability 


EXCESS HEAT CAN 
BE REMOVED HERE 


0JG571 








Now whereabouts around the loop can 
we get in to make sure that the product 
of a, b, c and 0 is always less than 1? In 
other words, how can we get a negative 


feedback loop? Well, we can't do 
anything about links a or c because they 
involve physical facts which cannot be 
changed. Link 0 is out best bet; if we 
can siphon off enough of the generated 
heat at the collector junction, the 
temperature of the junction can be kept 
below its maximum permissible limit. So 
by mounting the transistor on a large 
area of radiating surface, we can ensure 
that this happy state of affairs comes 
about. See Fig. 3. 


INTRINSIC RESISTANCE 


For a given temperature rise in the 
transistor, the heat generated can be 
radiated into the surrounding air more 
quickly if that air temperature is low. As 
the air temperature rises, the power 
dissipated in the transistor must be 
correspondingly reduced to ensure that 
the temperature rise doesn’t exceed its 
maximum. A_ graph’ showing the 
permissible power dissipation against 
ambient temperature can be drawn for 
any transistor, and Fig. 4 is a typical 
example. 

In this case the dissipation at 20°C 
(room temperature) is seen to be 
1000mW, but at 50°C this has fallen to 
500mW. Obviously, if the ambient 
temperature reached that of Tj max, here 
taken to be 80°C, no power dissipation 
within the transistor would be allowed, 
hardly a useful situation! We are actually 
here discussing the radiating properties 
of the transistor case as it is supplied to 
us, as so far we have not fitted it to 
anything. © 

The thermal resistance of the device 
itself is known as its intrinsic resistance, 
§;, and this is made up of two parts: the 
thermal resistance of the junction and 
the thermal resistance of the case to 
which the junction is attached. To keep 
0; small, power transistors have their 
collector electrode mounted in direct 
metallic contact with the case;TOS and 
TO220 are familiar forms of this type of 
construction. This keeps the intrinsic 
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resistance low, typically of the order of 
1 to 2°C/W. 

From Fig. 4 we can derive the intrinsic 
resistance of that particular transistor by 
dividing the temperature gradient by the 
power dissipated, i.e. 


ace 


0; es case ig @ /W 
Pc 


Assuming that the case is maintained 
at, say, 20°C by some means, then 


80 — 20 
1000 


°C/mW 





9; = 


0.06 °C/mW 


As the graph is a straight line, it 
doesn’t matter whereabouts we take the 
ratio of temperature to power, we will 
always get the same value for 6;. 


THERMAL DIAGRAMS 


So the intrinsic resistance is built in 
to the device and there’s nothing we can 
do about that. What we can do is “short- 
circuit” the high thermal resistance 
present between the transistor case and 
the surrounding air; call this 0g for the 
direct air-to-case connection. Now we 
can sketch a resistance diagram as shown 
in Fig. 5A. The thermal resistances act 
in series, and the heat generated at the 
junction has to work its way to the 
ambient level through the total 6; + 04. 
8; is relatively small, but 0, is large, 
hence the drop in temperature across 9; 
is going to be small relative to the drop 
across 0,4; think of all this in terms of 
ohmic resistance and voltage drops. 
Hence the case temperature T, is not 
going to be far removed from the 
junction temperature T;, and our 
transistor is probably going to overheat. 

What we want to do is put a resistance 
of low thermal value in parallel with 94; 
this will then bring the temperature of 
the case down towards the ambient 
where, theoretically, we ideally want it. 
This parallel resistance is the heat sink, 


JUNCTION TEMP. r 


8; 


CASE TEMP 


—=—— T. 


8q 


Ta 
AMBIENT TEMP 
A 
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so when we have mounted our transistor 
on it, the diagram looks like Fig. 5B. In 
most cases, since 9, will be very low 
compared with 94, we can simplify 
matters and neglect the effect of 0, 
altogether. From diagrams like this, heat 
sink problems can be solved as easily as 
d.c. circuits containing ohmic resistance. 


SOME EXAMPLES 


Suppose we have a silicon transistor 
with a rated Tj max of 150°C. We are told 
this transistor will dissipate 20W when 
its case is held at a temperature of 100°C. 
What is the intrinsic thermal resistance 
of this transistor? 


Well, 
= T; max — Tease 
i Cee pa y 
_ 150-100 
20 
= 2.5 °C/W 


Suppose now we bolt this transistor 
to a plate of aluminium which has a 
thermal resistance of 8, = 2.0 °C/W. If 
the ambient temperature is 20°C, what 
is the greatest collector dissipation the 
transistor will tolerate? 

The total thermal resistance from 
junction to air is the sum of 0; and 0, 
which equals 4.5 °C/W. 

The overall temperature drop this 
time is Tj max —T,, which is 150 — 20 = 
130°C. So 


Temp drop 130 


P ei Wet eee ae 
me” Totalresistance 4.5 


Now it nearly always happens that we 
have to insulate (electrically) the 
transistor case from the heat sink itself. 
We do this with either a mica or a silicone 
impregnated washer, usually with the 
addition of a smear of compound to help 
reduce the additional thermal resistance 


Tj MAX.= 150°C 


Q;=2:5°C W 


Bw =0-75°C W 





that the washer introduces into the 
circuit. Fig. SC shows the situation this 
time; we have ignored 0, for reasons 
already stated. 

What effect does a washer have? Well, 
we should expect it to reduce the power 
dissipation at the collector as it has 
introduced resistance in series with the 
thermal path. Suppose the transistor 
mentioned above has a_ washer 
introduced where 0,, = 0.75 °C/W. Then 
the total thermal resistance now 
becomes 


6, + 6, + 0, = 2.5 + 0.75 + 2.0 = 
5.25 °C/W 


For the same ambient temperatureT, 
= 20°C, Tj max — Ta remains at 130°C as 
before. | 


But now P.m, = 222- = 24.76W 
5.25 


So we have lost something like 4W 
power dissipation. 

Things are helped if the heat sink is 
blackened. Most ready made heat sinks 
are blackened, but a home produced 
sink, besides being unfinned, will 
generally be made from a sheet of 
aluminium. It pays to spray the sheet 
with some matt black auto paint, but the 
areas where the transistor is bolted on 
are best left plain. If sufficient area of 
metal is involved, it makes spraying 
unnecessary. Thickness of the plate is not 
particularly critical. 16 gauge is adequate 
in most cases; it is the surface area which 
matters. And remember that both sides 
of the plate constitute the total radiating 
area. 

As a rough and ready guide, a piece 
of 16 gauge aluminium measuring three 
inches square has a thermal resistance 
of about 8°C/W, while a piece measuring 
6 inches square is about 3°C/W. 

To get down to, say, 1.5°C/W you will 
need a piece of 14 gauge measuring eight 
inches square. All pieces are assumed to 
be blackened. If you use _ bright 
aluminium, you lose about 20 percent 
of the effective radiation. The sink 
doesn’t have to be square as the above 
comments might have suggested; the 
area of the surface is the criterion. It is, 
however, advisable to make the sink so 
that the ratio of its sides is no greater 
than 2 to 1; that is, if you want a sink 
of area 50 square inches, it is O.K. to 
make it about 7 inches by 7 inches or 10 
inches by 5 inches, but not 25 inches by 
2 inches. 

Finally, if you have to use an insulating 
washer, it is best to use the hard anodised 
aluminium washer or the silicone rubber 
reinforced with fibreglass washer as 
these have very low thermal resistances, 
typically 0.5 to 1.0°C/W compared with 
1.5 to 2.0°C/W for mica. Mica washers 
also need heat sink compound which is 
not necessary with the silicone rubber 
type of insulator. 
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TRACK CENTRE 
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FIRSTMAKE ——~ 
TRANSPARENT COPY | 


(We regret that we cannot supply 


transparent copies of PCB track 


lavouts. ) 


Have a normal photocopy made : 


ensuring good dense black image. Spray 
| ISOdraft Transparentiser onto copy in 
accordance with supplied instructions. 


ISOdraft is available from Cannon & 


Wrin, 68 High Street, Chislehurst, Kent. 
Tel: 01-467 0935. . 


NEXT PRINT ONTO PCB 
| Place positive transparency onto 
photosensitised copper clad fibre glass, 
cover with glass to ensure full contact. 
Expose to Ultraviolet light for several 
minutes (experiment to find correct time 
}— depends on UV intensity). 

Develop PCB in Sodium Hydroxide 
(available from chemists) until clean 
track image is seen, wash in warm 
running water. Etch in hot Ferric 
Chloride, frequently withdrawing PCB 
to allow exposure to air. Wash PCB in 
running water, dry, and drill holes, 
normally using a Imm drill bit. 

(PCB materials and chemicals are 


available from several sources — study 


advertisements. ) 


* CAUTION - ENSURE THAT UV 
LIGHT DOES NOT SHINE INTO YOUR 
EYES. PROTECT HANDS WITH 
/RUBBER GLOVES WHEN USING 
CHEMICALS. 


ALTERNATIVE METHOD 
Buy your PCB ready made through 

the PE PCB SERVICE, most are usuall 

available — see page 60. 


TREMOLON 
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HOW TO 


.e..v,, cv eo eee eT oe ee oO eee eee seesreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 
ee Ob 6 OTe Ebb EOF ene 6 0 bo Ok ek Orb 8 Eb E66 400 6 6 Orb 8 bh bce 670.8 616-016 O U1e 010 8 6 1o a W668 65 818 6.8.8 6:8 hie b bce 67> 606 0.6 6 Sih e ele ee al bne e 6 bb 6 ae ee eek 616}. 6 


eoeoeceoeoeeeoeee eee eeeeoe ee ee eoeeeeeeeeeeeeeeeee ee eee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeSeeeeeeeeeeeeeeeeeeeeseeeeeeeeeees 


eeoecvovceeeeveeeeeoee eee ee ees e eee eeeeeeeeeeee eee ee eee eeeeeeeeeeeeeseeeeeeeeeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 


eoeveceveeeeeeeee eee eee eeeeeeeeeeeeeeeseeeee ee ee eeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


eve ee ec eo ee eee eee eee eee eee eee eee eeeeeeeeeeeeeeeeeeseeeeseeeeeeeeeeeeeseeseeeeeseeeeeeeeeeeeeeeeseeeeeeeeoeeeoeeeeeeeseses 


eeooevoeeeveeeeeee eee eee eeeeeeeeeeeeeeeeee eee eee eee eeSeeeeeeeeeeeeeeeeeeeeeseeseeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


eeceecevoeeveeeee eee eee eee eee eee eeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeseeeese ee ees ee ee eee se eee eee em mR mm wR wR mm mR mR Ran 


USE THESE TRACKS 


PE 164 





PRACTICAL ELECTRONICS FEBRUARY 1988 









































RESISTORS Pak TRANSISTORS 

No Qty Description Price | No Qty Description Price 
VP1 300 Assorted Resistors, mixed values and types .......... £1.00 | VP172 10 SM1502 PNP TO-39 Sil. 

VP2 300 Carbon Resistors, ¥%4-'2 watt, preformed, mixed........ £1.00 Transistors, 100v 100mA Hfe100+ ............ee cues £1.00 
VP4 200 ‘4-1 watt Resistors, mixed values and types........... £1.00 | VP200 30 OC71 type germanium AF Transistors, uncoded ....... £1.00 
VP16 50 Wirewound Resistors, mixed watt values ............. £1.00 | VP201 25 OC45 germanium RF Transistors .................085 £1.00 
VP140 50 Precision Resistors, 1% tolerance ...............00e0e £1.00 | VP261 4 Programmable Unijunction Transistors, MEU22 ....... £1.00 
VP181 100 1 and 2 watt Resistors, assorted values» .............. £1.00 | VP270 10 FET's UHF/VHF Amplifiers, switching & choppers, data. £1.00 
VP287 100 Close tolerance Resistors, .05-2%, 10-910 ohms, mixed . £1.50 | VP271 10 FET's “soaps purpose like 2N3819-2N5457, data ...... £1.00 
VP288 100 Close tolerance Resistors, .05-2%, 1K-820K, mixed ..... £1.50 | VP272 10 MOS-FET’s Signetics, SD304 2.0.0.0... cee cece ees £1.00 
VP289 . 100 Metal oxide high stab. Resistor, “aw 2%, mixed values . £1.50 | VP280 12 ZTX300 NPN Silicon Transistors ...............0000. £1.00 


VP290 15 MPSAOQ6 Sil. Transistors. NPN 80v 500mA HFE50+T092. £1.00 












VP428 10 AC128K PNP Germanium Transistor, 1A 32v .......... £1.00 














CAPACITORS vP429 10 ACT76K NPN Germanium Transistor, 1A 32v .......... £1.00 
VP5 200 Assorted Capacitors, all types .................0005. £1.00 | VP430 4_-2N3055 Sil. Power Transistors, full spec .............. £2.00 
VP6 200 Ceramic Capacitors, min. mixed values .............. £1.00 | yp431 25 PNP Sil. Transistors, TO-39 like 2N2905A ............. £1.00 
VP9 100 Assorted Polyester/Polystyrene Capacitors ............ £1.00 
VP10 60 C280 Capacitors, metal foil, mixed values ............ £1.00 1.C.S. 
VP11 50 Electrolytics, all sorts ...... ge vak Cosy has CONG Cha tly £1.00 | ypao 40 TTLI.CS. all new gates - Flip Flop - MSI, data........ £4.00 
VP12 40 Electrolytics, .47mf-150mf, mixed volts ............... £1.00 | vP54 —«-20 Assorted I.C. DIL Sockets, 8-40 pin .............606. £2.50 
VP13 «30 Electrolytics, 150mf-1000mf, mixed volts ............. £1.00 | vP59 20 Assorted I.C.s linear, etc, all coded ..............000. £2.00 
VP14 50 Silver Mica Caps, mixed values .................005. oe ie Ty SS A SE a SN Pre Ce We £2.00 
VP15 25 .01/250v Min. Layer Metal Caps ..................... £1.00 | yp210 es SY FUR SR cA ees es TR Sy so Ae ae ae ea £2.00 
VP180 25 Tantalum Bead Caps, assorted values................ OR MEOTEE NAOMI OS ra Ok a Re er nai £2.00 
VP182 4 1000uf 50v Electrolytics .......... 0... sees ee esas Be NP et 210 COMO 2, Shaya Ges agit ih vases ass} £2.00 
VP192_ 30 - Min. Electrolytics, mixed values, .47mf-1000mf 6/16v ... £1.00 | ypa1q A ITM aS ey gc ty Leah A a ae £2.00 
VP193_ 8 Sub Min. Electrolytics, 2 x 1000/2200/3300mf, 10/16v ... £1.00 | P2150 P4IPBpIN o.oo ceecceeccecuesuceeuceecueenn £2.00 



















































































































VP216 We SSS TIMENS DIA: ssl uiedtevedte cy Pint tee eS Sueecte. yt £2.00 
f OPTOS VP223 50 Asst 74TTLI.C.s “ALLGATES” 
VP24 10.125” clear lens showing Red LED's .................. £1.00 | \poo4 100 hast aya BH Spe Beg kM OR TG £8.09 
VP25 10 Mixed shape and colour LED's ................00005 £1.00 te adap. a 
VP26 15. Small .125"Red LED'S 2.00... ccc cccscsceeceeeeees £1.00 Sash gis Dales esos: oat Ri a a a oe 
P27 15 Larae 2" Red LED's £1.00 | VP282 1 Prog. Sound Gen. Chip. AY-3-8912 ...............005 £3.00 
VP28 10 Restorer POTS, TUR SINS mah eT ie ais £1.00 VP291 1 Z80ACPU Microprocessor. 40 pin DIL ................ £2.00 
VP57 25 Opto Special Pack. Assorted, super vaiue....... £300 | VP292 1 ZBDAPIO Parallel Interface Controller, 4 pin DIL... £2.00 
VP130 6 RED7 Seg. CC 14mm x 7.5mm RDP FND353 LED Display , £2.00 VP293 1 Z80ACTC Counter Timer Circuit, 28 pin | ERT eet Hi £2.00 
f " VP294 TA PRs Pre OR SES AY a £3.00 
 VP131 4 GREEN 7 Seg. CA.6” LDP XAN6520 LED Display ....... £2.00 vp29 1 6821P Peripheral interface Ad PIA £1.50 
P1336 RED Overflow .6° 3 x CA 3 x CC 6630/50 LED Display... £2.00 | (F022 pte acs peasy Sica an AOU a A 
i VP134 «5. GREEN Overflow .6" CA XAN6530 LED Display ........ £2.00} VPZ96° «6: EM324 14 bin Di Quad Op-Amp 1.0.5.5... sre, pe 
VP138 20. Assorted LED Displays. Our mix, with data ........... £5.00 | VP287 5 CA3I30E MOS-FET VP, CMOS O/P, Op-Amp .......... £2.00 
VP147 1: Pair Opto Coupled Modules ................ccee00es £0.60 | VP288 = 3 MC1310P Stereo Decoder, 14 pin DIL ................ £2.00 
VP199 «4 LDTO7R LED Displays, CA... 0.0... ccceecceeeeeees £1,090 -.¥E299° "3 CAQ0G6 Pos, Volt. Regulator, 1.7v - 46v, Spin TOS... he 
VP203 15 Triangular shape LED's, mixed colours ............... £1.00 | VP400 1 27128 128K Eprom Renee, CE Spin aS ORS TA £2.50 
VP204 10. Large Green LED's, SMM... 0... .eeeceeceeeeeee ees £1.00 | VERO} 2 CMGITT Adjist. Voltage Regulator, 1.5A......:........ Nine 
VP205 10 Small Green LED's 3M «0... eee ccccccsseeeeeeees £1.00 f WPA02 1 2114 4K Static Ram esos eens teen ceees £2.00 
VP206 10. Large Yellow LED's, SMM ...........ceeeeeseeeesees £1.00 J. VP03 1 TA7204 Audio Amp |.C. 4.2w, 13v, 2-4 ohms .......... £1.00 
VP207 10 Small Yellow LED's, 3MM ..........seevseveeseeeees £1.00 | VPA0¢ = 1 TBA461 Audio Power Amp, 4.5W ...............000. £1.50 
VP208 10 Large LED's clear showing Red, 2". ..............008 ‘£1.00 VP432 B CDADIEB ieee eee e erst eee ees £2.00 
VP241 2 ORP12 Light Dependent Resistor .................0.. £1.50 VP433 6 CDAOIB eee ete eee e eerie £2.00 
vP242. 3.‘ Tri-colour LED's, 5mm dia., 5mA 2v, R.G.Y............ £1.00 | VP434 = 10 CDMO2MB ese ieee eeeeee teres ceteris £2.00 
vP243 3: Tri-colour LED'S, Rectangular 5mm,.R.GY............ £1.00 | VP435 10 CD4028B ........... TOE £2.00 
VP266 10 Orange LED's, 5mm large .............ceeeeeeeeeees £1.00 | VP7413 4 7413 Dual Nand Schmit Trigger, 4input .............. £1.00 
VP267 8 Stackable LED's. Rectangular, mixed, R.G.Y. .......... £1.00 | VF7440 4 7440 Dual 4-input, Positive-Nand Buffer .............. £1.00 
VP268 15 LED Panel Mounting Clips, metal and plastic. 35mm... £1.00 | VP7470 4 7470 And-gated Positive-edge-triggered 
VP269 2. Red Flashing LED's, 5mm ..............0cece0eeeees £1.00 Flip Flop with preset .............sevvveseeeeeenees £1.00 
VP284 2. Opto-lsolator IL74-4N27, single ................00005 £1.00 | VP7480 4 7480 Gated full Adder ........... eee £1.00 
VP285 1. Dual Opton-Isolator ILD74..............cceeeeeee eens £1.00 | VP7481 4 7481 16-bit Random Access memories ............... £1.90 
VP7490 4 7490 rig gras i) Oe ar SRE AOU ERS ee aaa a £1.00 
VP7491 4 7491 8-Bit Shift Register .............. 00. cc eee eee £1.00 
oy i arn ee Price | VP7492 4 7492 Divide by 12 Counter ........ss..sesesseersee £1.00 
VP29 30. Assorted volt Zeners. S0mW—2W ......c.eecccceeees SON 2 ARE id empath nd a ae ay 
VP30 10 Assorted volt Zeners. 10w, Tt ioe Se PaaS AG SO £1.00 VP7495 4 7495 4-bit Shift Sr CUE RRM MR SAS iE! oe. £1.00 
VP31 10 5A SCR’s T066, 50- 400v, coded... ccrreves £1.00 hang Cae “NEE sels ae : 
P32 20 3A SCR's TOBE, up to 400v, uncoded £1.00 vP74111_ 4 74111 Dual J-K Master Slave, Flip-Flop ............... £1.00 
mm Mime ee e109 | P74141 4 74141 BCD - Decimal Decoder/Driver ..............0. £1.00 
VP34 200. Sil. Diodes like OA200/BAX13-16. 40v 200mA £1.00 | VP74151 4 74151 1 of 8 Data Selectors/Multiplexers ............. £1.00 
VP35 50 1A IN4000 Diodes, all AR ince lite taihi ick £1.00 VP74153_ 4 74153 Dual 4 line to 1 line Data Selectors/Multiplexers . £1.00 
vP49 ah heaated GH Ae sr) sth mal lrigpires teeta iat F100 | VP74164 4 74164 S-bit Parallel Output Serial Shift Registers... .... £1.00 
Veit 40 iN4002 Sil Rettifiats 1A 100v, preforthed pitch... F100 | ¥P74167 4 74167 Synchronous Decade Rate Multipliers .......... £1.00 
VP142 440A Power Rectifiers, silicon, T048 300 PIV... ST 28 yee oO 8 Aer cecltl enls andl ke NP aa age 
VP143. «5 _ BY187 12KV Sil. Diodes, in carriers, 25MA ........... £1.00 aly ss eae 
VP184 3 4A 400v Triacs, plastic f ‘ £1.00 VP74193_ 4 74193 Synchronous Up/Dow Dual Clock Counters. 
VP187 10. SCR’s BO0MA, 200v, 2N5064, plastic, TO92............ eo ORE ER A Be RON ao et Eo ae 
VP194 50 OA91 point contact germanium Diodes, undcoded ..... £1.00 BPX6 1 TT Data Book 34 Sores ada AGT : 
VP195 50 OA47 gold bonded germanium Diodes, uncoded ...... £1.00 Complete with Pin out diaarams # 100-74670 
VP196 50 OA70-79 detector germanium Diodes ................ £1.00 71 inti chanababitie aiinie: Fklon tater’ 
VP197 50 OA90 type germanium Diodes, uncoded ............. £1.00 Tinterchangeability guide. Functionselection 
VP198 40 BA248 Sil. Diodes, 350v 2A. fast recovery £1.00 guide and explanation of function tables. “MO VAT”... — £1.00 
yvP222 7: 4h Stud Hectifiers, GUALE adiotied > le £100 BPX5 1 1C555 PROJECTS BOOK (TIMER).167 pages. Over 50 
VP274 12. SCR's (Th riatoreh:3 A 100-400v, 10-39... £1.00 project circuits to build and other information on IC555 
VP275 3 5A 400v SCR's T0220. TIC106D..... £1.00 Timers. Plus FREE with our compliments, 3x IC 555 Timer, f 
vP276 5 SCR's standard type, 5-16Amp to 400v............... £1.00 worth 80p. Special offer price just £2.95 _ ‘NO VAT 
vP277 4 Triacs 2Amp 400v T0.39 £1.00 BPX4 1 INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE, 
VP278 4 .GAan 100by Vlasic Silidon Rectifies ce £1.00 Babani Publishing's latest edition BP85, plus FREE with our 
VP283 5 Di BRI 00 F Gael oe en a ee £1.00 compliments, 10 popular Silicon Transistors, worth £1.00 
Pee eet et SR es Special offer price just £3.50 “NO VAT" 
TRANSISTORS MISC. 
VP38 100 Sil. Transistors, NPN plastic, coded, with data......... £3.00 } VP17 50 Metres PVC single strand Wire, mixed colours ........ £1.00 
VP39 100 Sil. Transistors, PNP plastic, coded, with data......... £3.00 VP18 30 Metres PVC multi strand Wire, mixed colours ......... £1.00 
VP47 10 Sil. Power Transistors, simiiar 2N3055, uncoded ....... £1.00 | VP19 40 Metres PVC single/multi stand Wire, mixed colours .... £1.00 
VP48 5 Pairs NPN/PNP plastic Power Transistors, 4A, data..... £1.00 | VP22 200 Sq. Inches total Copper Clad Board.................. £1.00 
VP50 60 NPN Sil. Switching Transistors, TO-18 and TO-92 ...... £1.00 | VP23 10 40mm Track Slider Pots. 100K Lin. ...............0.. £1.00 
VP51 60 PNP Sil. Switching Transistors, TO-18 and To-92 ...... £1.00 | VP42 10 Black Heatsinks, fit TO3 and T0220, drilled ........... £1.00 
VP60 100 All sorts Transistors, NPN/PNP...................00. £1.00 | VP43 4 Power-fin Heatsinks, 2 x T03,2x TO66 .............. £1.00 - 
VP150 20 BC183B Sil. Transistors, NPN 30v 200mA Hfe240+ TO92. £1.00 | VP44 15 Assorted Heatsinks, T01/3/5/18/220 .............0.005 £1.00 
VP151 25 BC171B Sil. Transistors, NPN 45v 100mA Hfe240+ TO92. — £1.00 VP56 100 Semiconductors from around the world, mixed ....... £4.00 
VP152 15 TIS90 Sil. Transistors, NPN 40v 400mA Hfe100+ TO92 . £1.00 | VP82 1 Electronic Buzzer, 3v,25MA ......... 0... 0. cece eae £0.95 
VP153 15 TIS91 Sil. Transistors, PNP 40v 400mA Hfe100+ TO92.. £1.00 | VP83 1 Electronic Buzzer, 6v,25MA ..............0....005. £0.95 
VP 154 15 MPSASE Sil. Transistors, PNP 80v 800mA Hfe50+ TO92. £1.00 | VP84 1 Electronic Buzzer, 9v, 25MA ............... eee eae. £0.95 
VP155 20 BF595 Sil. Transistors, NPN eqvt BF184H.F. TO92 ..... £1.00 | VP85 1 Electronic Buzzer, 12v, 25MA ......... 0... cece eee £0.95 
VP156 20 BF495 Sil. Transistors, NPN eqvt BF173 H.F. TO92 ..... £1.00 | VP86 1 TECASBOTY Components Pack, semiconductors, 
VP157 15 ZTX500 series Sil. Transistors, PNP plastic............ £1.00 CADE WING: OI6 opt Uni Gees. bbat (he es as £8.00 
VP158 15 ZTX107 Sil. Transistors, NPN eqvt BC107 plastic....... £1.00 VP87 1 Telephone Pick-up Coil with 3.5mm jack plug ......... £1.25 
VP159 15 ZTX108 Sil. Transistors, NPN eqvt BC108 plastic....... £1.00. | VP88 1 Pillow Speaker with 3.5mm jack plug ................ £1.45 
VP161 25 BC183L Sil. Transistors, NPN 30v 200mA TO92........ £1.00 | VP107 1 Piezo Buzzer, miniature, 12V ........... ccc cee eee ee £1.25 
VP162 5 $JE5451 Sil. Power Transistors, NPN 80v 4A Hfe20+ .. £1.00 | VP108 1 Piezo Buzzer, miniature, 240V .......... 0c. eee eee, £1.25 
VP163 2 NPNI/PNP pairs Sil. Power Transistors, like SJE5451.... £1.00 | VP113 1 Coax Antenna Switch, 2 way .......... cece eee ees £4.50 
VP164 4 2N6289 Sil. Power Transistors, NPN 40v 40w 7AHfe30+ . —£1.00 VP114 1 Coax Antenna Switch, 3way ...........cccec seen es £4.75 
VP165 6 BFT33 NPN Sil. Transistors, 80v 5A Hfe50-200 TO39.... £1.00 VP115 1 High Pass Filter/Suppressor, CBTV ...............05. £0.50 
VP166 5 BFT34 NPN Sil. Transistors, 100v 5A Hfe50-200 TO39... —- £1.00 VP116 1 Low Pass Filter, VHS/TV band .................0005. £3.00 
VP167 1 BUY69C NPN Transistors, : VP122 1 Precision Morse Key, fully adjustable ................ £1.85 
TO3 VCB 500, 10A, 100w, Hfel5+ ...............005. £1.00 | VP144 4 100K Lin multi turn Pots, ideal vari. cap. tuning ....... £1.00 
VP168 10 BC478 eqvt BCY71 PNP Sil. Transistors. TO18 ......... £1.00 VP 145 10 Assorted Pots, ic dual and switched types ............ £1.00 
VP169 10 BXS21 eqvt BC394 NPN Sil. Transistors, 80v50mATO18. £1.00 VP148 30 Presets, horizontal and vertical, mixed values ......... £1.00 
VP170 10 Assorted Power Transistors, NPN/PNP coded and data . 5 DIL Switches, 1 and 2 way slide, 6 way SPST, assorted. £1.00 
BF355 NPN TO-39 Sil. Transistor, eqvt BF258 225v 100mA . 30 Fuses, 20mm and 114” glass, assorted values ......... £1.00 















VOLTAGE REGULATORS 
Pos. 1Amp 7805-12-15-18-24  35peach 
Neg. 1Amp 7905-12-15-18-24  40peach 
Pos. 100mA 78L05-12-15-18-24 28peach 
Neg. 100mA 79L05-12-15-18-24 30peach 


MINIATURE CARBON FILM RESISTORS 1% & 2 WATT 5% 
Resistance values from 1 ohm - 10 meg ohms. 

Available in lots of 100 pieces per value. 

To order state R100 % watt or R200 % watt, plus resistance required, eg, R100 1K 
= Yawatt 1K. BI-PAK price per 100 pieces R100 £1.00 per pk. 
R200 £1.30 per pk. 














Send your ordersto BI-PAK DEPT PO BOX 33 ROYSTON HERTS 
TERMS CASH WITH ORDER. PERSONAL CHEQUE ACCESS AND 
BARCLAYCARD GIRO 388 7006 SAME DAY DESPATCH 


TEL 0763 48851 ADD £1 50 P&P PER ORDER AND 15 VAT 


REMEMBER YOU MUST ADD £1.50 P&P 
AND 15°. VAT TO TOTAL ORDER 
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lF-PAK BARGAINS 


THE UNDISPUTED PACK KING FOR OVER 20 YEARS, we offer you the very best in Electronic Components and Semiconductors that your money can buy. Look at our lists and prices, 
they are unbeatable in value and quantity and you always have our “Satisfaction or money back guarantee”. For 1988 we offer more and more Super Value Packs. All goods advertise 
in stock at time of going to press. Please not our new mail order address: BI-PAK, P 0 BOX 33, ROYSTON, HERTS, SG8 SDF. Telephone orders: 0763-48851. 
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Price each £8.50 


No Qty Description Price 
VP177 1 Pack assorted Hardware, nuts, bolts, etc.............. £1.00 
VP178 5 Assorted Battery Holders and Clips, PP3/9, AA/D, etc... £1.00 
VP223A 6 Tag Boards, 18 way paxaline ..............sceeeeuee £1.00 
VP225 20 DIN Plugs, plastic 2-8 pin, 180°/240°/360° mixed....,... £2 
VP226 20 DIN Chassis Skts, metal 2-8 pin 280°/240°/360° mixed... £2 
VP227 18 DIN In-line Skts, plastic 2-8 pin 180°/240°/360° mixed ... £2 
VP228 10 C15 Computer Cassette Tapes. Leadless.............. £3, 
VP232 1 Cassette Head Cleaner/Demagnetizer, in case ......... £2 
VP233 1 Revolving Cassette Rack, holds 32, smokey perspex.... £2 
VP244 1 High Power Piezo Electric Siren. Emits earpiecing warbling 

sound. Ideal alarm. White plastic body with mounting 

bracket. Power 12vDC 150mA. Output 100db (A) at 1m typ. 

freq. 2.5KHZ. Size: 57 x 42 x 37mm. ............ Kay oe EIU 
VP260 1 9"x6" Elliptical 8 ohms 10W RMS Speaker. Freq. Res 

60-10000 Hz. Gauss 10000. Centre HF cone ........... £4.50 
VP260A 1 2%" Transducer Waterproof Speaker. Polyester film 

diaphragm. Moisture res. 8 ohms 300mW Freq. Res. 

FORO AE incised 2c d.ecipun shige aee Bek | ur a hice £1.00 
VP273 10 10K Lin Rotary Potentiometers, slim spindle .......... £1.00 
VP281 4 Plug-in Relays. Mixed volts, etc.............0..c eee ee £1.00 


TOOLS 

VP95 1 Plastic Vice, small, with suction base ................ £1.75 
VP97 1 Logic Probe/Tester, supply 4.5v - 18v, DTL, TTL,CMOS. £8.50 
VP99 1 Universal Tester, with ceramic buzzer................ £5.00 
VP103 1 6 Pc STANLEY Screwdriver Set. Flat and crosspoint.... £3.50 
VP139 1 Pick-up Tool, spring load. .......... ccc cee cence ees £1.75 
VP217 de PAGING ONG ons oats dav j cpa e Sone MRE aaa £4.00 
VP218 1 Watchmakers Screwdriver Set, 6 Pieces .............. £1.75 
VP219 1 Miniature Side Cutters ............. cece eee eee es £1.55 
VP220 1 Miniature Bent-nose Pliers ...............00cc eee ees £1.55 
VP221 1 Miniature Long-nose Pliers ..............cecceeeuees £1.55 
VP237 1 Universal Ni-Cad Battery Charger. AA-HP11-HP2-PP3... £6.00 
VP238 4 AANi-Cad Batteries. 1.2v 500mAh C/RmA ........... £4.00 
VP239 2 C?HP11 Ni-Cad Batteries. Rechargeable .............. £3.50 
VP240 2 D-HP2 Ni-Cad Batteries. Rechargeable ............... £4.00 
VP246 1 25w Quality Low Cost Soldering Iron. 240vAC.......... £3.50 
VP247 1 15w “Lightweight” Quality Low Gost Soldering Iron. 


PAV AGS clase Sonisne sivis's Us atis.s Mare MOTT Fear ee £3.50 
VP248 1 High Suction Desoldering Pump. Teflon nozzle. Auto eject 
Heavy duty return spring .............c cece e eee ees £4.00 


Long Finger Grip. soldering aid. Heavy metal base. 
Serrated jaws with rev. tweezer action. Ideal for holding 


small components. Fully adjustable.................. £3.00 
VP254 1 250 grams Etchant Granules (Ferric Chloride) 

MAKE: OPIN wii, Lot ee aay ea ee an £1.00 
VP255 1 Etching Pen. Etch resistant. Spare tip. Blue ........... £1.00 
VP258 1 Multicore Solder. 5m total. 10 and 22SWG .......: Y hktae 


VP259 1 PCB Holder. Fully adjustable from 0-320mm wide and to 

any angle. Complete with iron stand and sponge. 

Strong metal construction with rubber feet. 

Nery rare: au@lity 205.53 sie sin oe Seca aka eae £15.00 
Etch Resist PCB Transfer Sheets. Asst. symbols/lines... £1.00 
Stell Rules 1 x 4", 1 x 10”, measuring ins and mm ..... £1.00 
Junior Hacksaw & 3 blades + hobby knife & 2 blades .. —- £1.00 
10 Piece Needle File Set ............... ccc ceca e cues £3.00 
4 Piece Stainless Steel Tweezer Set.................. £4.00 
Set of 4 min. low cost Side & End Cutters, snipe & 

combination Pliers. 5” insul. handles ................. £4.50 


No Qty Description Price 
VP410 18 Pc Hex Wrench Keys. AF sizes in wallet............ £1.50 
VP411 16 Pc Hex Key Wrench Set. SAE and Metric........... £2.00 
VP412 Crimping Pliers, Wire Strippers & Bolt Cutters......... £1.00 
VP413 IC Extraction Tools, jaw width 18 and 29mm .......... £2.00 
VP414 End Action Stripping Pliers. Adjustable jaws .......... £1.00 

OFT LOCKING FUDD ick ee eves cua «oes ve vs ccc £3.00 
VP416 6" Long Nose Grip Locking Pliers .................005 £3.00 


6" Adjustable Wrench. Forged alloy steel ............. £2.50 
8" Tin Snips. Hardened steel, spring joint............. £2.00 
“Chubby” Screwdrivers. Crosspoint No1and2....... £1.50 
“Chubby” Screwdrivers. Flat blad 4.5 and 6mm ....... £1.50 
Screwdriver 400mm long, 6mm flat blade ............ £3.00 
Screwdriver 400mm long, No 2 crosspoint............ £3.00 


VP423 Vernier Caliper-Crosshorns. Depth gauge. 

Vernier Cap. 4%2"/110mm reading 1/128”, 1/10mm ...... £2.50 
VP424 1 Helping Hand with Magnifier ....................05. £4.50 
VP425 1 7 Pc high quality Screwdriver Set. ...............00.. £8.50 
VP426 1 7 Pc high quality Screwdriver Set 1000v.............. £12.50 
VP427 1 6 Pc Cushion Grip Screwdriver Set ...............0.. £4.00 


L 
VP300 1 10m Speaker Lead 2 pin DIN Plug to 2 pin DIN Skt..... £1.00 
VP301 1 2m Video Lead Coaxial Skt to Coaxial Skt + 2 adaptors. £1.20 
VP302 1 3m4corecable indv. screened 5 pin DIN 


PUG ROUTAN PID Gil yas ois he dudes we Recess £1.80 
VP303 1 TV Ext. Lead. Coax plug to Coax Plug. White.......... £1.00 
VP304 1 1.5m 4 core indv. screen. 5 pin DIN Plug- 

HANOG ODEN BAGH F155 ria OA was WRENS ts sa Berio £1.00 
VP305 1 1.5m cable 5 pin DIN Plu-3.5mm Jack Plug. 

PUN Toil SCORNOO sos 35 so abate tel da vet coh £1.00 
VP306 1 2m Typewriter/Calculator Lead. 3 pin Plug, angled 

European IEC configuration. 6A 250VAC .............. £2.00 
VP307 = 1.-«60cm Patch Lead. PL259 Plug to PL259 Plug .......... £1.00 
VP308 1 1.2m Patch Lead. PL259 Plug to PL259 Plug........... £1.50 
VP309 1 1.2m Lead 4 Phono Plugs to 4 Phono Plugs ........... £1.50 
VP310 1 20cm Lead 2 x 2 pin DIN Plug to Stereo Inline Jack Skt. £1.00 
VP311 1 2m Lead Scart Plug to 5 pin DIN Plug &2BNC Plugs .. _—‘ £6.00 
VP312 1 1.2m Video Lead. BNC Plug to Phono Plug ........... £1.50 
VP313 1 3mHeadphone Lead. 3.5mm Jack Plug to3.5mm JackSkt. £1.00 
VP314 1 2m Coax Lead BNC Plug to BNC Plug. 75 ohms ....... £3.00 
VP315 1 2m Coax Lead BNC Plug to UHF Plug. 75 ohms ....... £3.00 


TELEPHONE ACCESSORIES 
VP316 1 5m Telephone Ext. Lead. Plug to Socket.............. £4.50 
VP317 1 10m Telephone Ext. Lead. Plug to Socket............. £6.00 
VP318 1 3m Line Jack Cord. BT 4 way Plug to 4 Spade Terminals. £1.75 
VP319 1 Double Adaptor. One IDC plug. 2 socket.............. £3.50 
VP320 1 IDC Telephone Plug 4 way .............0..0ccecaeee £0.50 
VP321 1 Telephone Master Socket Surface Box. Screw terminals. £3.50 
VP322 1 Telephone Slave Socket Surface Box. Screw terminals . £2.25 


VPS30 REGULATED VARIABLE STABILISED POWER SUPPLY MODULE. 
This versatile regulated variable stabilised power supply with short circuit 
protection and current limiting is a must for all electronics enthusiasts. It 
incorporates adjustable voltage from 2v - 30v with a current limiting range of 
0-2A. AC input max. 







MISC. 
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25v. Dimensions 110 x 75 x 25mm. 








Use your credit card. Ring us on 0763 48851 NOW 
Tale Mme [-) am Zell mmeolgel:1 am -a'2-1) ME F-i-3 0-1 amm @Tolole Mma relaaat-] 1h 
sent 2nd Class Mail 

Remeiinber you must add VAT at 15’. to your order 
Total Postage add £1.50 per Total order 
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fe BETA - Concentration, [2] ALPHA - Relaxation, 
problem solving, active pleasure, tranquility, 
thought. positive feelings. 


4] THETA — Imagination, 
creativity, hynagogic 
imagery. 














SILVER SOLUTION 


This powerful silver plating compound must be the greatest revolution in 
electronics since the IC! Just wipe on with a cloth to plate PCB tracks, 
connectors. wire. component leads. etc. with a layer of pure silver! 
Essential for: 

* RF circuits. 

* Top flight Hi-Fi. 

* Bio-electronic circuits and electrodes. 


LARGE BOTTLE (150ml) SILVER SOLUTION £11.20 + vaT! 


N.B. The solution will take to brass. copper. etc. but not to steel or pre-plated components 


THE ALPHA PLAN 


Can you really train your brain to think more effectively? 

Can you really achieve peak performance in things you re ‘no good at’? 
Can you really overcome fear, shyness, uncertainty? 

_. And can you do it all without really trying? 

Dr. David Lewis's famous Alpha Plan has all the answers. It was recently 
investigated by a QED television documentary (Alpha — How to Succeed 
Without Really Trying). And the conclusion? It works! 


Dr. Lewis's book ‘The Alpha Plan’ is yours for only £2.50 (no VAT) 
Your future is waiting. 













Brainwave 

























Are we about to create a race of Supermen? 


NEO RPE OT 


The ETI Brainwave Monitor must be the most astonishing project ever to appear in the 
pages of an electronics magazine. It will allow you to hear your brainwaves and judge 
the relative levels of various types. It will also help you to control your mind more 
effectively, to be at peak performance in all situations. 


Doesn't my mind work perfectly well when left to its own devices? 
lf you've ever been confused, unsure of yourself, shy, unable to pass exams or to 
impress people at interviews, you know perfectly well that it doesn't. Your mind (and 
everybody else's) is full of bad habits, inappropriate responses, feelings of inadequacy ... 
all pulling you down. Why should you put up with it? 


Mind training sounds like hard work! 

It can be. If you want to do it the hard way, go and study under a Zen master for fifty years 
or so. You'll get there in the end! With the brainwave monitor it takes no effort at all. Just 
the opposite in fact — trying is the one thing you mustn't do! 


How do! start? 

At first you use the monitor's internal indicator to exercise your mind. In direct mode you 
improve the time percentage; in integrate you concentrate on the amplitude. After that, 
the choice of direction is yours. With the Alpha Plan you can reach the core of your 
personality to root out the weakness and replace it with inner strength. Otherwise you 
can just enjoy the feelings of pleasure and clear headedness that alpha training brings, or 
the creativity and imagery of the theta state. 


A friend told me | can use brain power to control lights and things. | can’t believe it! 
As a matter of fact, you can do more than that! The interface sockets on the monitor allow 
you to turn lights on and off, control toys and electrical gadgets, play computer games... 
all with your mind! Are we about to create a race of Supermen? Only time will tell. 


The Brainwave Monitor is featured in the September, October and November 1987 issues 
of ETI. The approved parts set contains: two PCBs, all components including three PMI 
precision amplifiers, shielded box for screening the bio-amplifier, attractive instrument 
case with tilting feet, controls, switches, knobs, plugs and sockets, leads and materials for 
electrodes, full instructions for assembly and use. 


Parts are available separately. We also have a range of accessories, professional electrodes, books, etc 
Please send a stamped, self-addressed envelope if you just want the lists. Otherwise, an SAE + £2 will 
bring you lists, construction details and further information. 


omplete Parts Sets for ETI Project 











MAINS 
CONDITIONER 


FEATURED IN ETI, 
SEPTEMBER 1986 


It is astonishing how many 
people buy or build top-flight 
hi-fi equipment. and then 
connect it to a noisy, spiky 
mains supply. Rather 
like buying a Ferrari and 
trying to run it on paraffin, you might think. Expecting 
crystal clear sound, the poor music enthusiast ends 
up with a muddy, confused mush, and feels that 
he has somehow been cheated. ‘Is this hi-fi? 
My music centre sounded just as good!’ 

The domestic mains supply is riddled with 
RF interference, noise, transient spikes, and 
goodness knows what else. Computers crash, 
radios pop and crackle, tape recordings are spoiled 























SS 
KNIGHT 
FEATURED IN ETI, JULY 1987 


The ultimate in lighting effects for your Lamborghini. Maserati. BMW 
(or any other car. for that matter) Picture this eight powerful lights in 
line along the front and eight along the rear You flick a switch on the 
dashboard control box and a point of light moves lazily from left to 
right leaving a comet s tail behind it Flip the switch again and the 
point of light becomes a bar. bouncing backwards and forwards 
along the row Press again and try one of the other six patterns 

An LED display on the control box let's you see what the main lights 


and hi-fi sounds ‘not quite right. Why put up with are doing 
it when the solution is so simple? The ET! mains The Knight Raider can be titted to any car (it makes an excellent fog 
conditioner is the lowest cost upgrade you will ever light!) or with low powered bulbs it can turn any child s pedal car or 


bicycle into a spectacular TV-age toy! 

The contro! box parts set consists of case. switches. LEDs. PCB 
components. hardware and instructions The sequence board 
includes PCB. ICs. power FETs, components. hardware and 
instructions 


KNIGHT RAIDER CONTROL BOX ONLY 
£6.90 + VAT! 

KNIGHT RAIDER SEQUENCE BOARD ONLY 
£13.90 + VAT! 


LM2917 


buy, and probably the most effective! 

Our approved parts set consists of PCB, all 
components, toroid’, enamelled wire, fixing ties, 
fast response VDR’, and full instructions 
ETI MAINS CONDITIONER ‘PARTS SET 


ONLY £4.90! + vat 


*Note: the toroid and VOR supplied are superior 
to the types specified in the article. 


PROJECT BOX 
























PROJECT CASE 
fibincpoe ape. so EXPERIMENTER SET 
COMPARTMENT Consists of LM2917 IC, special printed circuit board and 


detailed instructions with data and circuits for eight 
different projects to build. Can be used to experiment 
with the circuits in the ‘Next Great Little IC’ feature 
(ETI, December 1986) 


LM2917 Experimenter Set 











ONLY £2.60! + VAT £5.80 + VAT 


Prices shown are exclusive of VAT, so please 
add 15% to the order total. UK postage is 60p 
on any order. Carriage and insurance for 
overseas orders £1.50. Please allow up to 

14 days for delivery. 
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MATCHBOX 
AMPLIFIER 


FEATURED IN ETI, 
APRIL 1986 


No ordinary amplifiers. 
these. When our first 
customers took an 
interest, it was for the 
diminutive size (both 
modules will fit in a 
matchbox!), the total disregard for power supplies and 
speaker impedances, and the impressive power output 
from these little amplifiers. When they re-ordered. it was 
for the sound quality. 

Two amplifier modules were described, both based on 
the powerful L165V IC. The single IC version will deliver 
over 20 Watts with a suitable speaker and power supply 
The bridge version can provide up to SOW! Although the 
specified supply voltage and speaker impedance must be 
used to achieve maximum power, both modules are quite 
happy to work from any voltage between 12V and 32V. and 
will accommodate any type of speaker. The dridge version 
is ideal for giving a boost to car Hi-Fi systems, driving two 
4 Ohm speakers in parallel on each channel for best effect 

Both designer-approved parts sets consist of a roller 
tinned printed circuit board and all components The 
L165V ICs are also available individually. with a free mini 
data sheet giving specifications and suggested circuits 


SINGLE IC MATCHBOX BRIDGE 


POWERFUL AIR 
IONISER Y 2 


FEATURED IN ETI, 
JULY 1986 
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lons have been described 
as ‘vitamins of the air by 
the health magazines, 
and have been credited 
with everything from 
curing hay fever and 
asthma to improving concentration and putting an end 
to insomnia. Although some of the claims may be 
exaggerated, there is no doubt that ionised air is much 
cleaner and purer, and seems much more invigorating 
than ‘dead air 

The DIRECT ION ioniser caused a great deal of 
excitement when it appeared as a constructional project 
in ETI. At last. an ioniser that was comparable with 
(better than?) commercial products, was reliable, good 
to build and fun! Apart from the serious applications. 
some of the suggested experiments were outrageous! 

We can supply a matched set of parts, fully 
approved by the designer. to build this unique project 
The set includes a roller tinned printed circuit board. 
66 components. case, mains lead. and even the parts 
for the tester. According to one customer. the set costs 
‘about a third of the price of the individual components 
What more can we say? 











































AMPLIFIER SET AMPLIFIER SET aye oh Mie iain DIRECT ION 
(20W into 4 Ohms) (50W into 8 Ohms) structions are 
£6.50 + VAT £8.90+ VAT £3.90+ VAT included PARTS SET £9.50 + vat 










RUGGED 


SPECi4) 
; OF 
PLASTIC CASE.4 PER 


are y/ Our best selling ioniser kit is 
suitable for mains conditioner \ now available with an elegant white case 


and mains controller 


ONLY £1.65 + VAT WHITE IONISER 


PARTS SET ONLY £9.80! + VAT 














FOUNDERS HOUSE 
REDBROOK 
MONMOUTH 


LIMITED GWENT 


PRACTICAL ELECTRONICS FEBRUARY 1988 


eeeeeeeeee 





TECHNOLOGY FEATUR 


ae hat a a he ba ha he hd hd ON ae aa hea ahaa al a aaa hae hd al hh hah ht hd et he at ah hd ld hh ad a ad ha PPP PP Pr PP PP PP 
SM Nh ha CD On DB hh hh hh ah a a a a i a Ba Ba at aaa ha he ha 





E 


. 

MN Re he he he he Da OCC DB Dh Bh hn nett ad ha al a laa a nn 

ore oe ene eo enone ne nate 058.9. 0.8.0.8. 60.066 0.06 616 e000 00 oo 0 eee te kale eee cote te otis ete te tee erence ne ats tc ingle 10.0 0.8.0 00.000. 0.0.0.0.0.8 0000009650 0'00.6.0'0 0.016.000.0010 0.0'00' 6010700 bo eee 00 ee ee ee ee eee ete ete eet etetes 
I SB hh a a a PP DD Oe ahh a a a a ah a a a Be 

ota na a ona 8n 88.8.0, 9. 0.0.80 0066 0006000006060 ooo ohne elena te ete e lee ta tele k a tate te teeta t stan a tenia nn n80.0.0.0. 0.0.0 6.0 000.00 00166 600.016-000'6.5 600.06 00.06.00 0'0.00 016000 6 oe ele a ee ee eee eee fene ote te nets eee 
© 0 60 0 co ee eta a an n89.9.8 8 OO CCST ECO HCHO OOO © 0 0 0 6 8 


RTS 2 and 3 of this series examined 
junction transistors and __ their 
applications. Field effect transistors 
(fets) receive the same treatment in part 
4. As with part 2, some subjects must 
be covered very briefly or not at all to 
prevent this feature growing into a book. 
Junction transistors have been in 
widespread use for a long time, and may 
be regarded as a mature technology. The 
rate of development of new devices has 
slowed considerably. The application of 
fets is still growing rapidly, and new 
improved devices are introduced on a 
regular basis. It is becoming increasingly 
relevant for the amateur constructor to 
understand the pros and cons of this 
growing range of devices as they begin 
to replace junction transistors in many 
applications. 


FET TYPES 


The classifications “small signal”, 
“high power” and “low and high fre- 
quency” apply to fets and junction 
transistors alike. There are additional 
parameters which affect the choice of 
fets. A fet may be of the junction type, 
in which the gate is isolated from the 
channel by a reverse biased diode, or of 
the insulated gate variety in which the 
gate. is isolated from the channel, 
normally by a layer of silicon oxide. 

Junction fets are all depletion mode 
types, that is to say that they conduct if 
the gate voltage is zero, and the conduc- 
tion is reduced by the application of 
reverse gate voltage (negative in the case 
of an n channel fet). Insulated gate fets, 
normally called metal oxide semi- 
conductor field effect transistors 
(mosfets), may work on the enhance- 
ment or depletion principle. An 
enhancement mode fet is one which does 
_not conduct at zero gate voltage, and 
starts to conduct on application of gate 
voltage (positive in the case of n channel 
mosfets). 

In silicon technology most or all of 
the new devices recently introduced are 
mosfets, though some small signal high 
frequency gallium arsenide junction fets 
have been developed. Here we shall 
concentrate on silicon, and eschew 
further reference to gallium arsenide, 
indium phosphide and the like in the 
interest of brevity. 
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THE THINKING PERSON’S VALVE 


Fets score points over junction transistors ina number of ways, but in the 
post vacuum tube era few people really know how to get the best from them. 


CHARACTERISTICS 


Some readers may remember the days 
when glass bottles with electric fires 
inside were the mainstay of electronic 
equipment. Despite their inconvenience 
valves had some admirable characteris- 
tics, and fets share a number of the 
advantages of valves without. the 
associated disadvantages. For example, 
though a junction transistor needs a 
continuous supply of base current to 
remain switched on, a fet simply requires 
a constant voltage applied to the gate 
terminal. The only gate current required 
in the normal course of events is that 
needed to charge the gate capacitance 
to the required voltage. The power gain 
available from fets of all types at 
moderate frequencies is much greater 
than that available from junction 
transistors just for this reason. 

In most applications fets are 
inherently more linear than junction 
transistors. If a voltage signal is applied 
to the base of a transistor, the current 
flow in the base and in the collector is 
exponentially related to the applied 
voltage. In a fet on the other hand the 
drain current is proportionally related to 
the gate volt-age over a moderate range. 
The gain of a fet is expressed in terms 
of mutual conductance, represented by 
the symbol g,, and expressed in 
microsiemens, millisiemens, or siemens 
(amps per volt). 


LOW IMPEDANCE 
SIGNAL SOURCE 





Fig. 35. Source follower. 





Size for size most fets switch faster 
than their junction counterparts. There 
is no charge storage in the base because 
there is no base in which to store charge, 
so the switching time of a fet is largely 
governed by the charge and discharge 
time of the gate. This can be a limitation 
in large power devices because there 
may be a very high capacitance and a 
significant resistance in the gate. 






There is another advantage to the use 
of fets in some applications. Because fets 
work on majority rather than minority 
charge carriers the mechanism of noise 
generation is different from that of 
junction transistors, and the overall 
noise can be lower if the input and 
output impedances are _ correctly 
matched. This is mostly of interest in rf 
applications, but some of the hi-fi 
fraternity would have you believe that 
because there are more electrons moving 
slower (in effect) in a fet than in a 
junction transistor at any given current, 
a type of subtle distortion which occurs 
in junction transistors should be much 
reduced in fets. The theory is that distor- 
tion is introduced by only being able to 
have either 1000 electrons or 1001, rather 
than, say, 1000.475, and that this is 
reduced in fets because the choice is 
between larger numbers of electrons. 
They may even have a point, but until 
we have perfect air molecules to transmit 
the sound I wouldn't get excited about 
it. (Long live practical sanity! Ed.) 


THE DOWNSIDE 


So far, it would appear that fets violate 
the law of the conservation of misery, 
but there are some snags. One problem 
is that fets have been more expensive 
and less available than their junction 
counterparts. This drawback is fast 
disappearing. There are also applications 
in which the current operated junction 
transistor is more useful than the voltage 
operated fet. In low voltage low imped- 
ance circuits fet cannot give of their best, 
and if only a 2V drive signal is available 
fets will not usually switch at all well. 

Fig.35 shows a simple example of an 
application for which fets of any type 
are ill suited. In this application the most 
important characteristic is the g,, of the 
device. In order to provide a low output 
impedance, the gate to source voltage 
must not vary much as load current 
varies. Amutual conductance of 2ms will 
give a change of 0.5V/mA, or the 
equivalent of 500© in series with the 
source. This would only be a minor 
problem if this were the whole story, but 
the better linearity of the fet is only 
relative. The effective resistance in series 
with the source depends on the current 
and this gives rise to waveform 
distortion. 
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Biasing fets is difficult as well. A 
junction transistor has a more or less 
predictable base-emitter forward volt- 
age drop regardless of its gain. For 
example, one method of voltage biasing, 
in which the base is biased to a level of 
base emitter voltage plus forward drop. 
in emitter resistor. This works with 
emitter resistor voltage not much greater 
than forward base voltage because the 
base emitter voltage is about the same 
_ from transistor to transistor. 

The gate voltage required for a given 
current in a fet is much different from 
fet to fet, so a circuit designed with fixed 
component values may be biased right 
with one fet but not with the next one 
out of the box. For example with junc- 
tion fets (which are of course depletion 
mode types) there is a specific gate 
voltage at which the fet is turned off and 
no current flows. This is known as the 
pinch off voltage and it can be different 
by a factor of 3:1 for a given fet type. 
Another variable characteristic is the 
Idss, the saturation drain current. For a 
junction fet this is the current which will 
flow if the gate voltage is the same as 
the source voltage. For a 2N3819 n- 
channel fet this is specified as between 
2mA and 20mA. 

Most circuits using a 2N3819 would 
require a resistor to be selected on test, 
or alternatively would use a preset 
potentiometer to set the bias. Luckily 
there are many more recent devices 
whose parameters are a little more 
closely specified, and which can be used 
without adjustable bias in appropriately 
designed circuits. 


OUTPUT 


LOW IMPEDANCE 
SIGNAL SOURCE 





Fig. 36. Improved source follower. 


JUNCTION FET APPLICATIONS 


Perhaps the simplest possible linear 
fet circuit is the source follower. It is 
equivalent to the emitter follower con- 
figuration for junction transistors, but it 
is less effective. An improved version of 
the circuit is shown in Fig.36. In this 
configuration, the source resistor is 
replaced by a fet connected so as to 
provide a constant current, equal to the 
Idss of the device. As can be seen from 
the sample characteristic curves shown 
in Fig.37, so long as the drain-source 
voltage of a fet is high enough to clear 
the resistive region, the drain current 
changes very little with changes in drain- 
source voltage. 

The use of a constant current source 
in this circuit removes the problem 
mentioned earlier, that the source 
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Fig. 37. Typical characteristics curves. 





output impedance acts as part of a 
potential divider network of question- 
able linearity which attenuates and 
distorts the output signal. Of course, if 
a moderately low output load impedance 
is used, this advantage is nullified, so 
that all we really have here is a unity 
voltage gain buffer with a high input 
impedance and only a fairly high output 
impedance. 


INPUT j 





Fig. 38. Ultra high input impedance 
source follower. 


Sa ride abate cack oe a abigail bert 

This idea can be taken further to come 
up with something really useful, as 
shown in Fig.38. Here, the input 
impedance is extremely high, while the 
output impedance is similar to that of 
the circuit in Fig.36. In this ultra high 
input impedance configuration, the gate 
voltage is derived from a point which 
has almost the same signal on it as the 
input terminal. Hence, no significant 
current flows in R1, when a signal is 
applied. This makes R1 appear to be a 
much higher resistor than it actually is. 
The presence of R2 permits reasonable 
dc biasing, and provides just enough 
signal attenuation to prevent any danger 
of instability. In this circuit, the constant 
current sink, Q2, is biased to provide a 
current lower than its Idss by the 
addition of R3. This simple technique 
can permit a fet to provide a wide range 
of preset constant currents. 

So far, the circuits we have looked at 
have not provided voltage gain. The 
circuit shown in Fig.39 provides a 
considerable ac voltage gain with high 


eooeceeee eee eee eee ee eee eee eeeseeeeeseeeeeeeeese 


eeoceeeeeoeoee eee eee ee eee eee eee eee eeeeeseeeeeeeeeeseeee eens es 








eoeeeeeeee eee ee ees 
PAYG J OS IG IW PRA OU ee Fi BE PM PE rt SU AUT a Bll elie EL lige 8, 1 PT BE, MS al ah 





Fig. 39. Inverting amplifier with voltage 
gain. 
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input impedance, fairly high output 
impedance, and a moderate linearity. 
The ac gain is set by the ratio of R1 to 
R3 in parallel with R4. So long as this 
latter value is much higher than the 
source output impedance, the linearity 
is good. Once again, however, the ten- 
dency is for the limited g,, of most 
junction fets to limit the usefulness of 
this simple type of circuit. 


OUTPUT 


Fig. 40. Linear gain circuit. 


Fig.40 shows a circuit in which a good 
voltage gain and linearity are provided, 
in which the bias point is accurately set, 
and in which the virtues of\the fet are 
put to good use while the vices are 
minimised. The quiescent current of the 
fet is set by the value of R2 and the 
base/emitter voltage of Q2. Assuming 
that the gain of Q2 is reasonably high, 
so that its base current is fairly small 
compared with the current in R2, then 
the drain current of Q1 will settle to 
whatever level is required to produce 
approximately 0.6 volts across R2. The 
extra gain provided by Q2 allows a fair 
amount of negative feedback, so that the 
signal at the junction of R3 and R4 is 
virtually identical to the input signal. 
This presents a high impedance to the 
source of the fet, and hence makes it 
work linearly, setting the gain of the 
circuit to approximately (R3 + R4)/R4. 
This is very much like the formula for 
the gain of an op amp circuit, but it is 
less accurate in this circuit because the 
loop gain is less. Still, the action of the 
feedback gives a reasonable approxima- 
tion if the current in R3 and R4 is much 
greater than the current in Q1. In this 
situation, the feedback lowers the 
output impedance on the collector of Q2 
to quite a low level. 
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Fig. 41. N-channel JFET output 
characteristic enlarged around V,, = 0. 





VARIABLE RESISTANCE 


Another difference between fets and 
bipolar transistors is in the performance 
at very low drain-source voltages. At 
voltages of up to a few hundred milli- 
volts, fets pass a current proportional to 
the drain-source voltage, though bipolar 
transistors are non-linear. This charac- 
teristic allows fets to serve as analogue 
signal switches, voltage controlled 
attenuators, or in any other application 
in which a variable resistance is needed. 
The expanded section of fet characteris- 
tic shown in Fig.41. Applications of this 


principle are shown in Figs. 40 to 42. 





Fig. 42. Simple voltage controlled 
attenuator. 


The simple attenuator shown in Fig.42 
causes significant distortion, though 
there are some applications in which this 
would not matter. That there will be dis- 
tortion is clear from a close inspection 
of Fig.41. The reason for the distortion 
is that increasing drain-source voltage 
tends to pinch off the channel, as illustra- 
ted in part 1 of this series. The incremen- 
tal resistance of the device is actually 
increased by this effect, hence the distor- 
tion. This effect can be countered by 
feeding some of the signal to the gate, 
so that a rise in gate voltage will offset 
the rise in drain voltage. 
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Fig. 43. A linearised voltage controlled 
attenuator. 


A circuit employing this principle is 
shown in Fig.43. R2 and R3 are used to 
apply half of the drain signal voltage to 
the gate. The values of R2 and R3 are 
a compromise between loading the drain 
signal too much and having such a high 
impedance on the gate of Q1 that it picks 
up a lot of radiated electrical noise. The 
use of this circuit technique can reduce 
the distortion from 10% (mainly second 
harmonic) to approximately 1% with a 
particular signal level. Distortion level 
is of course signal dependent, but too 
low a signal level will give a poor signal 
to noise ratio, which will tend to nullify 
any advantages gained from lower 
distortion. 











Fig. 44. Voltage controlled bandpass 
filter. Q increases with frequency. F = 
500Hz, Q = 6. F = 1000Hz, Q = 10. 


Fig.44 illustrates a voltage controlled 
filter which is tuned by varying the resist- 
ance of a fet. The maximum frequency 
is determined by the lowest possible fet 
resistance in series with R2, while the 
minimum is determined by the resist- 
ance of R3. The filter shape is affected 
by the fet resistance, but this is not too 
serious a problem over a modest tuning 
range — perhaps a maximum of an 
octave. 

Apart from having a fairly linear 
characteristic at low  drain-source 
voltage levels, junction fets really score 
in two specific ways: one is that they 
have a very high input impedance, and 
the other is that they have a very high 
inherent output impedance. Certain 
types of load benefit strongly from the 
high output impedance. These are the 
applications in which one might use a 
cascode circuit with ordinary junction 
transistors. For example, if a high Q 
tuned circuit is connected to the drain 
of a fet in an rf amplifier circuit, the high 
drain output impedance will not signifi- 
cantly load the circuit and hence reduce 
the Q value. 

To illustrate this point, compare the 
bipolar if amplifier stages shown in 
Fig.45 with the fet stages shown in 
Fig.46. In the fet circuit, no impedance 
matching is required, and thus the design 
of the tuned circuits is simplified. The 
disadvantage associated with this is that 
the Miller capacitance (drain-gate 
capacitance) has more effect on per- 
formance, but in most applications this 
problem is not serious. Where it does 
matter, the solution is often to use a dual 
gate mosfet, which will be covered in 
part 5 in two months time along with 
power mosfets. 


To 


Fig. 46. FET 
IF amplifier. 
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TWO GREAT 
HOBBIES 


... IN ONE GRE 


The K5000 Metal Detector Kit combines the 
challenge of DIY Electronics assembly with the 


Si 


AT KIT! 


a 


reward and excitement of discovering Britain’s buried 


past. 


THE KIT — simplified assembly techniques require little 


technical knowledge and no complex electronic test 


equipment. All stages of assembly covered in a detailed 36 


page manual. 


THE DETECTOR — features Analytical Discrimination 
& Ground Exclusion, backed by the proven pedigree of 
C-Scope, Europe's leading detector manufacturer. 


Ask at your local Hobby/Electronics shop or contact:— 


i G C (2 C-Scope International i co Wn BY -) 0) a = 
(r ‘Cc ViVohacolan ntey-le M-\ahielae Mi. @-10] ama) Pacers a) 


Telephone: 0233 29181. 


Green 
4001UB : Orange 
4011UB 3 Yellow 
4011 3mm Dia. 
4017 . Red hs !C Sockets 
4028 ; Green Low Cost 
4040 Orange 
4053 : Yellow 


4066 . Fixed Voltage 
4081 * Regulators 
Z80ACPU 85 , ; 


Z80APIO +5V 1A 
72171P\ +8V. 1.5A 


64021PL 30 «+ 12V 1.58 
555 41+ 15V 1A 
558 "30.|«t24V «1A 
741 oe 


LM380N —12V 1A 
TDA3810 —15V 1A 
TLO74CP —24V 1A 
SG3526N +5V 0.1A 
$G3562J +8V 0.1A 
SL486DP 4+12V 0.1A 
SL490DP +15V 0.1A 


-5V. 0.1A 
ML926DP A —12V O41A 


Transistors 


BC107 ; 
BC108 ; are las 





BC109C : D lype solide 


BC182 
BC212 
BC546B 
BC556A 


: BD233 


AW 05 BF259 
05 BSRSO 25W Plug 
06 IRF520 . 25W Cover 
.06 'IRF840 

o6 J112 

05 i ab PCB Mount 
TIP126 : 15W Skt 
TIP31C ; 15W Plug 
TIP32C : 25W Plug 


1.16 


Capacitors 
Radial. Lead 


2.2uF 50V 
2.2uF 63V 
4.7uF 63V 
33uF 16V 
47uF 10V 
47puF 25V 
47uF 35V 
47uF 63V 
47uF 100V 
10uF 35V 
10uF 63V 
22uF 100V 
100uF 10V 
100uF 16V 
100uF 25V 
100uF 35V 
100uF 50V 
100uF 63V 
220uF 10V 
330uF 16V 
470uF 16V 
470uF 50V 
470pF 63V 
1000uF 10V 
1000uF 16V 
2200uF 16V 


Axial Lead 
4.7uF 63V 
10uF 35V 
47 uF 25V 
100uF 25V 
470uF 10V 
1000uF 10V 


Metatised 

Polyeste 

5 7 5mm Pitch 
3.3nF 400V 
0.0144F 100V 
0.022uF 63V 
0.047uF 100V 
0.1F 63V 
0.15uF 63V 
0.33uF 63V 
0.47uF 63V 





Resistors 
Carbon Film 


0.25 Watt 5% 
10 To 10MQ 
each .02 
0.5 Watt 5% 
102 To 10MQ 
each .04 


Thermistor 
Bead (NIC) 


GM472W 
(4.7KQ) 1.95 


Potentionmeters 


aGlom\iielelal 
(Ofer anares am ke) omve]| 





Project Kits 
RS232 to Centronics 
Converter 
Kit Only 18.40 
Z80 Based Controller 
Board, 4Mhz 
Kit Only 20.45 
Ultrasonic Tape- 
measure (Display— 
Module Extra) 

Kit Only 23.52 
Four Digit LCD— 
Module for above 

Kit Only 14.30 


Mail or Telephone Orders Only Please To: 
Dept 12, Samuel Whites Estate, Bridge Road, 


Cowes, Isle of Wight, PO31 7LP. 


Please Add £1 For 1stclass Post and Packaging, 
and 15% VAT to Total Stock Listing available soon. 
Please send SAE to be put on the mail list. 


38 










































SPECIAL 
OFFER 






Crofton Electronics are now able to offer C.C.T.V. cameras from as little as £69.50 
+ VAT carriage. These cameras have been refurbished to a high standard in our 
own workshop. They produce a standard composite output of 1 volt p-p and 
will work with any video recorder having a video input socket, digitizer, monitor, 
or with a domestic T.V. with the addition of a modulator which is available 
separately. These cameras are powered from the standard 240 volt ac mains 
supply. 

The jens boss is a standard ‘c’ mount (1” diameter x 32 threads per inch) and 
will thus allow a very wide range of camera lens to be accommodated. The 
sensitivity of these cameras is in the order of 10 lux which allows their use in 
the domestic environment. Pictures can be produced with lower light levels but 
with a worse signal to noise ratio. Low light versions of this camera are available 
giving sensitivities of 0.1 lux which is equivalent to half moonlight. Typical cost 
is approximately £350 + VAT and carriage. Many lens are available from stock. 
Please ask for details. Mounting of these cameras is by standard tripod bush 
(V4 Whitworth thread). Many other C.C.T.V. items are available from stock, ie 
Pan and Tilt units, Housings, Zoom lens both manual and motorised, video 
switches, line amplifiers, monitors both colour and monochrome as well as a 
complete range of surveillance and room listening devices. We are also able to 
supply from stock video plugs and sockets, camera tubes, monitor tubes and 
many specialised camera and monitor components. Equipment such as 
monitors we are able to offer, new or refurbished. 


SPECIAL CLEARANCE 


Brand new TTL/Composite monitor drive board and 12” professional panelled 
green P31 tube at the give away price £10 + VAT and carriage £17.25 total. These 
monitor boards have a bandwidth of at least 24 mHz, and only require a power 
supply of 12 volts at 1.25 amps to have them up and running. 

Refurbished 4:1 motorised zoom lens (22.5 — 90mm) at the incredible price of 
£110 + VAT and carriage — £130.53 total. These lens are by one of the world’s 
largest manufacturers and have been made to a very high professional standard. 
The new price would be well over the £600 mark and thus it represents a really 
good buy. The motorisation is for 240 volt ac and thus no special power supply 
will be required. All three functions have been motorised as focused, iris and 


zoom. 
MOST MAJOR CREDIT CARDS ACCEPTED. 


CROFTON ELECTRONICS 05448 557 
‘KINGSHILL’, NEXTEND, LYONSHALL, HEREFORDSHIRE HR5 3HZ. 


8052-BASIC 


microcomputer prototyping board 


ny MATRIX Systems 


special features include: 


* powerful BASIC interpreter in the ROM of an 
Intel 8052. 





* on board EPROM programmer. 


* up to 255 different programmes can be 
stored in the EPROM. 


2 RS232 ports, one for a VDU and the other 
for a printer. 


24 general purpose i/o lines. 
8 kbytes of static CMOS RAM. 
8 kbytes of EPROM. 









on board switching regulators generate 
+10, —10 and 21 volts. You just need a 
simple 5v supply 


MATRIX prototyping space to build your 
own circuit. 


* decoded signals are provided for expanding 
i/o and memory. 


* 116 instructions including floating point 
' arithmetic. 

“'The 8052AH BASIC microcontroller. . .offers an elegant and efficient way of writing 

control programmes for computer based projects.’’ E/ektor Electronics Sept 1987. 











The MX1 board costs £250 inclusive of post and packing 
and £5 for just the handbook 







For full details write to MATRIX Systems 
23 Grove Road, Leighton Buzzard, LU7 8SF 
Telephone enquiries to Peter Cox-Smith on 0234-751001 

Cheques with orders payable to MATRIX Systems 
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HEARING AGE 
Dear Editor — | 
I was interested to read the 






the August issue as this is a topic 
which has interested me for some 
time. I do not believe that age 
related hearing loss is the correct 
explanation for the complaints 
about the reduced signal to noise 
ratio inherent in many TV | 
productions. 

In the early days of 
information theory this situation 
was known as the “cocktail party 
problem”. Although semantic 
content plays a part I believe the 
problem arises because of the 

















listening to sound from a single 
loudspeaker. Normally our 
binaural hearing helps us to 








experience. When listening to a 





of information. If one listens to 
a tape recording of the same 






marred by a host of other sourids 
— coughing, fidgeting, traffic 
outside the window, footsteps 

| outside the room, etc. which 
were successfully filtered out in 
the live situation. 

_ Also, in my experience, the 
quality of sound on many 

| modern TV productions is 
inferior to older ones. For 

| instance the sound on the recent 
| showing of the 1930's Fred 
Astaire films was excellent, but 
| that on the recent ITV serial 

| “Floodtide” was very poor. 

| The reduced signal to noise 
ratio now also seems to be 
infiltrating the visual domain as 
well as the auditory one. 

| Examples are the backcloth 
designs to many productions, for 
example the “Through the 

























3 hosted by David Frost and the 
“So we bought a computer” 
series on Channel 4 which 
started at least with a large 
keyboard as a somewhat 
distracting backcloth. 

— lamcollecting information to 
_ try to counter the view that these 











would be grateful if you would 






| investigating the problem. 








item “Hear hear!” on page 4 of | 


loss of spatial information when 


select the information of interest. 
This is supported by acommon 


public speaker there is little loss. 


occasion however, the replay is — 


- Keyhole” production on Channel — 


annoyances are age related and | 


tell me an address for the group 


| John C. Shaw Ph.D.,.Chidham 


READERS’ 
LETTERS 








AN EDITOR’S SOUND-OFF 


Dear Mr Shaw 

As an ex-film editor I too was 
particularly interested by the 
report, and share some of your 
views. | 

Most certainly I believe that 
binaural focussing of attention is 
a key to selective separation of 
wanted and unwanted sounds. 
Visual understanding though is 
related to the simplicity of the two 
dimensional image, and to the 
length of time in which to study it. 

Film makers often work to a 
golden rule that information 
should be imparted in as many 
forms as possible. (I have no 
experience of TV production, but 
it appears that similar rules 
apply.) There are five main 
methods of doing this, four of 
which are the most frequently 
combined. | 

To generalise, initially there is 
the visual content, which by its 
nature can impart information 
more rapidly than any other 
means. It is very true that ‘a 
picture paints a thousand words’. 
The spoken word, either in the 
form of dialogue, or as a 
commentary, supplements the 
visual information, usually by 
adding further data or confirming 
that seen. Subtitles also serve a 
similar purpose, though are less 


— generally used, except to replace 


the spoken word, as is done when 
foreign language films are 
screened. 

The use of music is supposed 
to work upon the emotions to 
reinforce the message, and to set 
the mood. The whole character of 
ascene can be totally changed by 
different types of music. To a 
good film maker, the correct 
selection of music is of vital 
importance, and many hours can 
be spent ensuring that the most 
appropriate is chosen. 

Sound effects are used to give 
reality to a scene, not just those 
coinciding with visual action but 
also the choice of ‘off-screen’ 
effects to broaden the depicted 
environment. 

It is usually believed by film 
makers that maximum impact is 
achieved by enhancing the overall 
visual and auditory content of a 
production through combining 
these options. However, two 
principle points always bothered 
me about this, the first of which 
is related to equipment quality. 
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Film makers have at their 
disposal the highest quality 
equipment available, both for 
viewing images, and listening to 
multiple sound tracks in a mixing 
studio. Under these conditions, 
commentary, music and effects 
are mixed so that they sound 
correctly balanced to the 
technicians. Although mixed 
sound tracks may also be played 
through lower quality 
reproduction equipment as a 
check against how things might 
sound and look elsewhere, the 
equipment and the acoustics 
cannot cater for all conditions 
experienced by end users. It is 
assumed though, that if the 
quality starts off by being the best 
possible, then sub-standard 
equipment will give a reasonable 
imitation. 

This may well be true in theory, 
but in practise “normal” 
conditions can muffle and distort 
the sound, possibly resulting in 
auditory confusion through the 
inability to separate the sounds. 
The confusion can be further 
aggravated by visual distortion, 
and also by mental perception 
problems. 

Perception of filmic 
information is more complex 
than just the ability to separate 
‘cocktail party’ chatter. Four or 
five levels of information are 
being imparted, through vision, 
commentary, sound effects, 
music and possibly subtitles. The 
brain is being expected to separate 
and understand all of these 
messages. Though some 
discrimination can be done 
subconsciously, vision, 
commentary and subtitles may all 
be giving separate, but essential 
information. It can be extremely 
difficult to concentrate on, and 
think about all the messages, as 
we are frequently expected to do, 
especially in documentary 
reports. 

Add to this the shortcomings of 
the equipment and conditions 
under which this mental 
contortionism has to be 
performed, and it is not surprising 
that information is not always 
apparent to an audience. 

My second concern is that the 
age factor does also come into it, 
on two levels. It is well established 
that the frequency bandwidth of 
the human ear decreases with age. 
As a result more information can 
be lost, and the audio content 
become muddled. Many older 
people find it necessary to 
increase the treble content of the 
sound by means of the tone 
control, to compensate for 
apparently muffled speech. They 
may well also need to increase the 
volume beyond that at which the 
equipment prefers to operate, 
resulting in electronically 
generated distortion. Further 
more, as people become older, 
their ability to rapidly analyse 


meaning can also become 
reduced. It is often necessary to 
talk to an older person at a slow 
rate so that not only can they hear 
you distinctly, but also have time 
to interpret and think about what 
is being said. 

In addition to difficult audio 
conditions, if visual overloading 
is present as well, interpretation 
becomes even more complex. As 
many levels of sound data are 
used to create impact, so multiple 
visual data paths are also 
combined to emphasise a 
message. Apart from subtitles, 
split screen images are frequently 
used for this purpose, on occasion 
many of them appearing 
simultaneously. The intention 
here though, is not that all should 
be looked at and understood, but 
rather that they should give an 
overall impression of the message. 
Despite this, it can be confusing, 
and frustrating, to have interesting 
images in view, but not be able to 
study them in detail. 

Your comment on older 
productions sounding clearer 
than recent ones interests me. The 
1930s production mentioned 
would have been originally 
recorded on an optical 
(photographic) track, the 
bandwidth of which is inherently 
lower than obtainable with 
magnetic tape. I forget the 
figures, but I believe that the 
upper limit is well below 5kHz, 
and that the bass response was 
also well curtailed. This 
restriction, and the optical 
recording equipment used could 
also place severe limits on the 
overall fullness of mixed tracks. 
Consequently, your comment 
suggests that the simplicity of the 
sound track made it easier to hear, 
either through limitations of 
restricted hearing, or the abilities 
of the reproduction equipment. 

It may be a sign that even 
editors age, but there are times 
when I too would welcome 
simpler audio-visual messages, 
even though in the past I have 
been guilty of attempting the 
multiple impact approach 
through film based information. 
I would also welcome a ban on 
vertically striped backgrounds, 
shirts and ties, since my own set 
is prone to vision-on-sound 
problems that cause even more 
aggravation! 

To answer your question 
though, further information on 
the research group’s activities can 
be obtained from Henry Price, 
BBC TV, Broadcasting House, 
London WIA IAA. 

Ed. 


IF YOU HAVE ANY 
COMMENTS, CRITICISMS 
OR SUGGESTIONS, WRITE 


AND LET US KNOW. WE ARE 
INTERESTED IN WHAT YOU 
THINK AND SAY. 
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If you have any 
bright ideas that | 
you think might 
interest other 
readers, why not 
send them, neatly 
drawns and type 
written, for 
possible inclusion 
in this section? 











A Combination Lock 


HIS circuit was designed in response 
to a request from one of my friends. 
He wanted to build a combination lock 
for his workshop, so that it will open the 
door when he keyed in the correct code. 
This circuit is a very simple design, based 
on the CMOS 4017 decade counter. . 
The keyboard has nine keys for the 
digits 1-9, (but more keys could be put 
in if required, using them as reset keys). 
Four keys are used to key in the code. 
One of each of the four keys’ connection 
is connected to pin 3,2,4,7 of IC1 and 
the other connections are all connected 
to the CLK pin of IC1, pin 14. The posi- 
tion of these keys determines the 
sequence in which the code has to be 
keyed in. The circuit diagram shows the 
connection for the code number 2491. 
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The rest of the keys are used as reset 
keys. So when any of these keys are 
pressed, it will reset the opening 
sequence of IC1. One of each of these 
keys’ connections are connected to point 
‘A, (shown in diagram) and the other 
connections are connected to the 
ground. 

The circuit automatically resets itself 
at switch on. This is so because C1 has 
to slowly charge up through VR1 and 
R3, and before C1 reaches 0.6V, Tr2 will 
be off, so the reset pin of IC1, pin 15, 
will be high. When Tr2 turns on, ie, Cl 
has reached 0.6V, pin 15 of IC1 will go 
low, so the code could now be keyed in. 
If the keys are pressed together, the reset 
keys will reset IC1. If the four code keys 
are pressed together, pin 14 will still be 
low because the only high output from 


$1 


S6...S10= 
5x N/O SWITCHES 
(RESET KEYS) 


OV 


IC1 will be pulled low by the other three 
outputs. 

When the correct code is keyed in, in 
the right sequence, pin 10 of IC1 will go 
high, LED1 will light up and Tr3 and Trl 
will turn on. Tr3 will switch on the relay 
and Trl will ground the point at the 
junction between R3 and VR1. C1 will 
slowly discharge through VR1 and when 
1T has discharged below 0.6v, Tr2 will 
switch off and reset IC1, ie, switch off 
the relay. The delay time could be varied 
by varying VR1. 

J. Lam, Dagenham 





Crystal Oscillator 


HE circuit shown here is a micro- 
power crystal controlled oscillator 
which was designed for use with CMOS 
circuitry. The circuit as shown requires 
only 454A at 5 volts. The power con- 
sumption of CMOS devices is propor- 
tional to operating frequency. This is 
because power is consumed charging 
and discharging on-chip capacitances 
and because when switching there is a 
short time when both the n-channel and 
p-channel transistors are partially con- 
ducting. Bearing this in mind, a low 
power oscillator must operate at 
relatively low frequency, thus the 32kHz 
crystal in this design. The number 32,768 
is 2 thus the output of the oscillator 
may be divided down to 1 Hz using 15 
binary dividers. Other frequencies are 
obtainable by changing the crystal. A 
decoupling capacitor should be mounted 

across the supply pins. 
E. Hunter, Dundee 
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Weller MCP/650 fixed temp. Soldering 
Iron 650F./343C. 12V. 12W. for PCBs. 
No P.U. £4.99 + P/Pkg. E.G Priestley 
F.B.I.S. 6 Lynden Avenue, Windhill, 
Shipley, West Yorkshire, BD18 1HF. Tel: 
0274 593382. 

800 Mags. Popular/Electronic world, 
American, WW, PE, PW, ETI, Radio 
Constructor. £80 buyer collects Cardiff. 
Tel. L. Deere 0222 30625 

Monica or Oboe RAF. Any info. most 
welcome, or old circuits relating to these 
receivers. Mr. H. Hatton, 6 Tuscan House, 
Knottisford Street, London E2 OPR. 
Hitachi V222 Oscilloscope, dual trace, 
full industry specification, never used, 
boxed + probes + manual. £300. A. 
Cowell. Tel (evenings) Great Dunmow 
5076 

Tektronix type 564 storage oscilloscope: 
dual trace with screen store, probe 
included. £150 ono. R. Hollands, 56 
Worlds End Lane, Orpington, Kent, BR6 
6AH. Tel: 0689 57596. 

Wanted. Ferrograph or capstan motor for 
ferrograph model 2A/NH. J. Taggart, 2 
Sandown Lane, Wavertree, Liverpool L15 
SHY. Tel: 051-734 1302. 

Eproms for sale. 2716, 2516, 2732, all £1 
each inc. postage and packing. D. Keene, 
16 Leasowes Ave. Green Lane, Coventry, 
CV3 6BH. | 

247 PE Mags 67-88 offers to B.S. 
Hewson 35 Knox Road, Forest Gate, 
London E7. Tel: 01-555 3796. 

Wanted: ZX Spectrum cheap or free, in 
any condition or bare PCB only. Please. 
I'll pay postage. R. Kaminsky, 90 Helston 
road, Penryn, Cornwall, TR10 8NG. 
Murphy FM/LW/MW radio (boxed) £12 
Five high quality amplifier modules & 
directions 50 Watt/£6 - 100 Watt/£8. Mr. 
Frost, 1 Regent Road, Ilkley, Yorkshire. 
Wanted Oric Microdisk or compatible 
drive with DOS also BBC DOS listing 
and CBM 1551 drive. M.J. Last, 7 
Peacock Rise, Ixworth, Bury St. 
Edmunds, Suffolk. Tel: 0359-30858. 

BBC B OSL.2 40/80 SDD. Fitted ROMS 
wordwise, spellcheck £250. Printer £150. 
Phone after 6.30 pm. 0933 678970. 


Wanted: LNC's for 12GHz SAT-TV 
reception. For sale: surplus components, 
schematics, instruments, various parts. 
Mr. Gebles Bela, Gorenjska 17A, 24000 
Subotica, Yugoslavia. 

For Sale: short range experimental video 
transmitter, use with computers & video 
games. Price £25. Contact Syed Shahid 
Raza, House No. 599, Block 20, Fedrac 
'B' Area, Giulistan-e-Mustafa, Karachi- 
no.'38', Pakistan. 

Maplin Reg. 2A PSU £35. Ultraviolet 
light box £40. Good condition. Will post. 
Mr. G.A. Hope, 72 Picket Close, 
Fordingbridge, Hants SP6 1JY. 

MAP80 (VEC) Video and floppy card + 
CPM2.2 for NASCOM/GEMINIs £160 
ono. GM802 64K RAM £45ono 75W 
PSU (switching) £35ono. Contact: I. 
Cullen, High Hill Farm, Nettlestead, 
Ipswich, Suffolk, Tel. (0473) 831353. 
Wanted: Plans of home built 50, 70, 144 
MEQ Tranceiver. Also Practical Wireless 
1930 - 1960. J. Savage, 18 Bideford 
Close, Norh Swindon, Wilts. : 
Wanted: Info or equivalent supplier 
TMS 1600 SM 807. P.A. Hern, 2 Arthur 
Road, Bexhill on Sea, Sussex TN39 3PN. 
Enterprise 64 Computer Seloom. Used, 
boxed £30. KORG String Polysynth + 
service Mans. £60. Both carr. extra. Seon 
Smyth, De Porres, 67 East Princes* Street, 
Helensburgh, G84 7DG. Tel. 0436 
71181. 

For Sale: Power pack cases as used on 
spec. Grubby and no screws. Price 20p 
each. Mr. J, Norman, 25 Milton Road, 
Corby, Northants, NN17 2NY. 
Tektronix type 581A scope 85 MHZ 
dual trace x10 probe. Phone: Kenilworth 
511161 eves/weekends. £95. 


Wanted: service manual or circuit 
diagram for Rotel Amplifier RA314. Mr. 
D. Lotay, 65 Downsfield Road, Sheldon, 
Birmingham, B26 2TU. Tel: 021-743 
3400. 

Telequipment D43 Oscilloscope with 
manual £30. Evenings 01-892 1080. 
Twickenham. 

Spectrum Plus computer with Syr. 
guarantee and 4RGB interface and green 
monitor. £50. Phone: (0392) 75896. 


Floppy drives: two Shugart SA800/801 
(8"), and FD1771 controller, all with 
data. £35. Buyer collects. P.J. Le Riche, 
119 Aldwickbury Crescent, Harpenden, 
Herts ALS SSS. Tel: 05827 62414. 
Grundig shortwave converter KWV1000 
for connection to any car radio to receive 
ten SW bands £30 ono. R.N. Oatley, 8 
Waverley Road, Kingsbridge, Devon, 
TQ7 1EZ. 
Oscilloscope Tektronix type 541A with 
type L plug-in unit. Good working order 
SOMHZ £80 ono. K. Szatkowski, 6 The 
Meadows, Wellingborough, Northants, 
NNQ SYT. Tel: (0933) 676698. 
Autoranging multimeter all usual 
features plus hold, memory & hFE. Brand 
new Wi peasy £45 including P&P. 
Alan Auden, 206 Ellerdine Road, 
Hounslow, TW3 2PX. Tel: 01-568 5458. 
Amstrad 464 computer. Mono screen, 
speech synthesiser and digital drums. 
Lots of software. £325. Buyer collects. 
M. Evans, 23 Canterbury Avenue, 
Slough, Berks, SL2 1EF. 
1512 Amstrad HD20 with modem, 
complete. New £1373 March 1987, £800. 
M.W. Guills, 469 Fulham Palace Road, 
London SW6 6SL. 
Brother HRS dot matrix printer with 
RS232 serial input £60 o.n.0. G. Hope, 72 
Pickett Close, Fordingbridge, Hants, SP6 
LJY. 0425 56551. 
Wanted - expansions communications 
disc interface boards or information 
circuit diagrams for MTX512 computer. 
J. Poliszewski, 9 Conifers Close, 
Teddington, Middx., TW11 9JG. 01-878 
9611 ext 244 (work - ask for Jan). 
Hameg HM203-4 oscilloscope, full 
robe set, boxed £250. Powered 
xperimenter board £50. Tel: Havant 
(0705) 482928. 
Over twenty years back numbers 
Practical Electronics, some in annual 
binders. Space required. Offers please. 
Charles Gale, 83 Booth Road, Colindale, 
London, NW9 SJU. Tel: 01-205 0221. 
House moving sale. Everything must go. 
Transformers, chips, resistors, capacitors, 
full circuit boards. SAE for details. Nic 
Spiers, 114 Green Way, Tunbridge Wells, 
ent, TN2 3JN. 
New logic 4 alarm unit. Three keys. 
Mains running (battery switchable), 
trickle charger. £45 ono. J. Baxter Tel: 
01-809 1008. 
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_ In part one some of the — 
theoretical aspects of — 


_were discussed. This 
month the article is 
completed by describing 
a practical working two- 
station intercom. —— 


designing an intercom 


TALKBACK 


PART TWO BY TIM PIKE 


EVEN SLAVES CAN CHAT TO MASTERS 





ss only other practical improvement 
worthy of consideration is another 
look at the amplifier design. In 
developing the three stage circuit of 
Fig.6, no thought was given to the 
overall requirements of the circuit. We 
arrived at Fig.6 by adding more 
amplification through identical cascaded 
transistor stages. Although this simple 
approach will work, better results should 
be obtained if more _ specialised 


components are used. 

Fig.14 gives a much better amplifier 
design although still based around three 
transistors. If you followed the “Teacher 
Radio” GCSE article in PE Dec. you 







TR 
BF244B 





suffer from RF breakthrough. This 
means that the circuit detects unwanted 
radio signals and amplifies them along 
with the desired audio information. 
Although there is no diode detector 
in this circuit, there are other 
semiconductor devices (base-emitter 
junctions) which will serve this purpose. 
Unless we are careful the intercom can 
end up as a pretty good radio receiver! 
Capacitor, C4 couples the output from 
the fet to the first bipolar transistor 
which is being used in common emitter 
configuration. Capacitor, C5 couples the 
output of transistor TR2 into the base of 
transistor TR3. This again is being used 








Fig. 14. Above: Full circuit of the master Teacher Talkback unit. Bottom Right: Circuit 


for the remote station. 





will notice great similarities between the 
amplifier circuit used there for the radio 
and the heart of the unit suggested here. 
The input stage uses a field effect 
transistor (fet) to provide a low noise 
voltage gain of about 20dB — this 
corresponds to a linear gain of about 10 
times. The fet itself has a very high input 
impedance of 100 M. The inclusion of 
the gate bias resistor R1 provides a dc 
path to the gate of fet under all 
conditions. Capacitor C2 provides some 
rf filtering which is important because 
high gain circuits of this type invariably 
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in common emitter configuration but 
with lower values of load resistor (R8) 
and bias resistor (R7) to allow for 
sufficient current to drive the 
loudspeaker. This is the same argument 
as was presented earlier when discussing 
Fig.8. The output power of the amplifier 
is only about 50mW but this is perfectly 
adequate for this sort of application. 
Following the approach developed in 
the system diagram of Fig.13 we require 
four switches. S1 is a simple on/off toggle 
switch to disable the amplifier when the 
unit is not required to be left on. S2 is 


the double pole double throw selection 
switch which the master control operates 
to toggle between “send” and “receive”. 
S3 and S4 are push-to-make “call” 
switches, one for each unit. 

Notice that when S1 is switched off, 
no current will be flowing from either 
battery. The remote unit can operate its 
“call” button even when S1 is switched 
off. Both buzzers will sound when either 
call button is pressed. This serves as a 
battery test and would give the operators 
a good idea of battery condition 
especially as the batteries begin to reach 
the end of their effective life. 
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off. Both buzzers will sound when either 
call button is pressed. This serves as a 
battery test and would give the operators 
a good idea of battery condition 
especially as the batteries begin to reach 
the end of their effective life. 

Although not essential it is probably 
desirable if S2 is of the biased toggle 
type because it makes for easier 
operation. 

Ideally the three-way cable needed to 
connect the units should be a two core 
screened cable with the screen braid 
being used for the OV line. This again 
will help to ensure that rf breakthrough 
does not occur. 


CONSTRUCTION AND TESTING 


Low profile, sloping panel boxes are 
traditionally used for this sort of 
application. Although the remote station 
will house only the loudspeaker, the 
buzzer and the call switch, it is probably 
worth having two identical boxes. 
Certainly the result will look more 
professional if you keep the hardware 
uniform. Cable length is always 
deceptive and of course will change if 
you wish to relocate the system at any 
time. For this reason permanently wired 
connections are awkward. I would prefer 
to see a simple plug and _ socket 


Fig. 15. Printed circuit board layout details. 





arrangement at each end of the cable — 
a stereo jack and socket of the 0.25in 
type will do very nicely. 

A suitable printed circuit design for 
the amplifier is given in Fig.15 but do 
try to develop your own designs. This is 
a relatively simple pcb to work on. 

Testing is likely to be divided into two 
main areas. Firstly of course, the 
amplifier which could easily be tested 
independantly by injecting a very small 
signal from a generator, running at 
perhaps 1kHz, into the circuit at the gate 
of TR1. An oscilloscope would then be 
needed to trace the signal through its 
various stages of amplification and 
eventually to detect it emerging through 
capacitor, C7. 


In some ways it is more likely that a 


total lack of response from the circuit is 
due to a problem with one of the many 
interconnections or switches. Each of 
these pathways must be checked for 
continuity if such a problem is suspected. 

High impedance loudspeaker units 
(80Q or 640) will give much better 
results than 8Q units. 

Whichever one of the various designs 
given you decide to build, I wish you 
many hours of enjoyable ‘chat’ once you 
have your finished product. ica 
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‘COMPONENTS 





RESISTORS 










R1LR8 1800 (2 off) 
R2,.R5 — 3k9 (2off) 
R3 17 
R4 IMS 
-R6,R9 —- 390. (off) 
/R7 100k 





| All resistors “sW 5% 









CAPACITORS 












C1,C8 22uF 10V (2 off) 

C2 22n plastic foil 

C3 4. 7uF10V 

C4,C5 470nF plastic foil (2 off) 
C6 120pF ceramic plate 

C7 100uF 10V 
SEMICONDUCTORS 

TRI BF224B 

TR2,TR3 BC109C (2 off) 

D1 Red led 










SWITCHES 
Si 

2 

$3,S4 


spst toggle 
dpdt biased toggle 
Push-to-make switch (2 off) 








MISCELLANEOUS 
LSI,LS2 = Miniature 800 loudspeaker — 
(2 off) 

BZ1,BZ2 Miniature 6Vbuzzer (2 off) 

Two PP3 batteries and connectors, two 
boxes, two 0.25in stereo jack plugs and 
sockets, length two core screened cable, 
wire, solder, printed circuit board. 










The pcb is available through the PE PCB 
Service. 






Tim Pike is Deputy Headmaster of the 
Ramsden School for Boys in Orpington, 
Kent, and has taught Electronics to ‘A’ 
level standard for thirteen years. 
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PRACTICAL ELECTRONICS 


ARMCHAIR 


SCIENTIFIC AND TECHNICAL 


BOOK SHOP 


QUALITY BOOKS AT REASONABLE PRICES 
WHY A BOOK SERVICE? 


We receive hundreds of letters from readers from all over 
the world complaining that they are unable to get hold 
of books or information on various subjects. 

The information is available if only you know where to 
look. Unfortunately, it’s looking that takes so much time. 
By expanding our book service to include books from a 
variety of publishers we are able to keep you informed 
as to what is available on a wide range of subjects. 

All the books in our service are available from our 
editorial office at the recommended retail price plus 
postage and package. (We are not allowed to sell them 
at below cover price.) In addition to our book service, we 
have commissioned some independent reviews of some 
selected titles in order to give a fair and balanced view 
as to their suitability, quality and value. These reviews 
will appear regularly to back up our service. Descriptions 
of books accompanying titles in the book service are not 
independent reviews but are merely indications of their 
contents. You may photocopy this form if you prefer. 


BOOK ORDER FORM 


Please supply the following books listed on the 
enclosed form. 

Remittance should be sent to: 

PE Book Service, Practical Electronics, 

Intra House, 193 Uxbridge Road, London W12 9RA. 
Cheques should be crossed and made payable to 
Intra Press. 


PRICES INCLUDE POSTAGE AND PACKING FOR 
INLAND ORDERS BUT PLEASE ADD £2 PER ORDER 
FOR OVERSEAS* 
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A PRACTICAL GUIDE TO WORD PROCESSING ON THE 
AMSTRAD PCW 8256 AND PCW 8512 

There have been 1000’s of Amstrad computers sold — this book is a 
guide to using the word processing facilities 

EA. Wilson 1986, 182 pages,£6.45 inc p&p, Order code BP187 


MIDI PROJECTS 
R.A. Penfold, 96 pages, £3.45 inc p&p. Order code BP182. 


GETTING THE MOST FROM YOUR PRINTER 
A guide to making the most of your printer, £3.45 inc p&p, Order 
code BP181. 


MICRO INTERFACING CIRCUITS BOOK 1 

MICRO INTERFACING CIRCUITS BOOK 2 

R.A. Penfold, 1984, Book 1 112 pages, Book 2 112 pages, £2.75 each 
inc p&p, Order codes BP 130, BP131. ) 


EASY ADD-ON PROJECTS FOR COMMODORE 64, VIC 
20, BBC MICRO AND ACORN ELECTRON 
O. Bishop, 1985, 208 pages, £3.45 inc p&p, Order code BP134. 





EASY ADD-ON PROJECTS FOR AMSTRAD CPC 464, 6128 


and MSX COMPUTERS 
O. Bishop, 1986, 196 pages, £3.45 inc p&p, Order code BP171. 


AN INTRODUCTION TO COMPUTER PERIPHERALS 
J.W. Penfold, 1985, 80 pages, £3.00 inc p&p, Order code BP170. 


MICROPROCESSING SYSTEMS AND CIRCUITS 
EA. Wilson, 1980, 256 pages, £2.45 inc p&p, Order code BP77. 


AN INTRODUCTION TO COMPUTER 


COMMUNICATIONS 
R.A. Penfold, 1986, 96 pages, £3.45 inc p&p, Order code BP177. 


AN INTRODUCTION TO 68000 MACHINE CODE 
Price £3.45 inc p&p, Order code BP184. 
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DIGITAL IC EQUIVALENTS AND PIN CONNECTIONS 
A. Michaels, 1985, 256 pages, £6.45 inc p&p, Order code BP140. 


LINEARVIC EQUIVALENTS AND PIN CONNECTIONS 
A. Michaels, 1985, 320 pages, £6.45 inc p&p, Order code BP14I1. 


INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE 
A. Michaels, 1981, 320 pages, £4.00 inc p&p, Order code BP85. 


ELECTRONICS SCIENCE PROJECTS 
O. Bishop, 1982, 144 pages, £2.75 inc p&p, Order code BP104. 


POWER SUPPLY PROJECTS 
R.A. Penfold, 1980, 96 pages, £3.00 inc p&p, Order code BP76. 


PRACTICAL ELECTRONIC BUILDING BLOCKS - BOOK 1 
PRACTICAL ELECTRONIC BUILDING BLOCKS — BOOK 2 
R.A. Penfold, 1983, Book 1 128 pages, Book 2 12 pages, £2.45 each 
inc p&p, Order codes BP117, BP118. 


AUDIO PROJECTS 
FG. Rayer, 1981, 96 pages, £2.45 inc p&p, Order code BP90. 


PRACTICAL ELECTRONICS CALCULATION AND 


FORMULAE 
FA. Wilson, 1979, 256 pages, £3.45 inc p&p, Order code BPS53. 


MORE ADVANCED ELECTRONIC MUSIC PROJECTS 
R.A. Penfold, 1986, 128 pages, £3.45 inc p&p, Order code BP174. 
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16-BIT MICROPROCESSOR HANDBOOK 
Trevor Raven 

The 16-bit Microprocessor handbook examines the characteristics of 
the four most popular chips: 8086, Z8000, and 99000. Over 95% of 
the 16-bit microcomputers available on the market today incorporate 
one or other of them. 
£9.95 inc p&p 


NEWNES ELECTRONICS POCKET BOOK 

E.A. Parr, 5th edition, 1986 

Despite the increasing emphasis on microcomputers, the aims of the 
book are unchanged; namely the presentation of all aspects of 
electronics in a readable and largely non-mathematical form for both 
the enthusiast and the professional engineer. 

£9.45 inc p&p Order code NT10 


BEGINNER’S GUIDE TO INTEGRATED CIRCUITS 

Ian R. Sinclair, Second edition 1983 

“As before Ian Sinclair has managed to produce an outstanding book 
for the beginner to electronics.” (Everyday Electronics) 

£5.45 inc p&p Order code NT8 


INTRODUCTION TO _ 6800/6802 MICROPROCESSOR 
SYSTEMS HARDWARE, SOFTWARE AND 
EXPERIMENTATION 

R.J. Simpson & T.J. Terrell 

“This book is very thorough.” (Electronics and Computing) 

“This text has long been needed... essential reading.” (Micro 


Forecast) 
£8.45 inc p&p 


Order code NT7 


Order code NT9 
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OP-AMPS (THEIR PRINCIPLES AND APPICATIONS) 
Brian Dance, 2nd Edition 1986 

This edition provides a source of practical circuits using both new 
devices and well-established ones like the 741, and including all 
component values. Written in a simple, non-mathematical style and 
specifically directed to the non-academic reader. 

£6.00 inc p&p Order code NT2 


OSCILLOSCOPES (HOW TO USE THEM, HOW THEY 
WORK) 

Ian Hickman, 2nd Edition 1986 

This second edition has been updated to cover new techniques and 
new instruments which have been introduced since the publication 
of the first edition in 1981. Illustrated with diagrams and photographs 
of many more oscilloscopes than the first edition, the book will appeal 
to everyone who wants to know about oscilloscopes, from the school 
student to the graduate, from the hobbyist to the technician. 

£6.00 inc p&p Order code NT3 


MODERN ELECTRONIC TEST EQUIPMENT 

Keith Brindley, 1986 

The subjects covered include analog and digital meters, oscilloscopes, 
signal sources, frequency, time and event counters, spectrum and 
logic analysers, displays and automatic test equipment. 

£7.45 inc p&p Order code NT4 


PRACTICAL MICROPROCESSOR 
HANDBOOK 
Ray Coles, 1986 
Can be used to select an appropriate microprocessor for a particular 
task as a comprehensive reference source for the technician, as an 
overall introduction to the microprocessor scene, or as a primer for 
the engineering student. 

Taken from Practical Electronics and updated to include new 
information and devices. 
£14.00 inc p&p inane eas 
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PRACTICAL ELECTRONICS HANDBOOK 
Ian Sinclair, 1986 Revised Edition 
A useful and carefully selected collection of standard circuits rules-of- 
thumb, and design data for professional engineers, students and 
enthusiasts involved in radio and electronics. 

This revised edition contains more details on computers and 
microprocessors and has been brought up to date throughout. 
£6.45 inc p&p Order code NT1 
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REGULAR FEATURE 








new millisecond pulsar has been 
found, this time in the cluster M4 
near Antares. The discovery was made 
by A. Brinklow, A. Lyne, J. Biggs and 
M. Ashworth, using the 250-foot Lovell 
Telescope at Jodrell Bank. The spin rate 
is 90 revolutions per second. It is gener- 
ally believed that millisecond pulsars are 
old, and have been ‘speeded up’ by inter- 
actions with a companion star. This is 
only the second millisecond pulsar to be 
found in a globular cluster; I will have 
more to say about it in a future article. 
Plans for the launch of the Russian 
Mars probe are well under way, and if 
all goes well the vehicle will be sent up 
during the coming summer. It is intended 
to explore not only Mars itself, but also 
the larger of the two dwarf moons, 










The Sky’ This } 


A 1988 opens, both the two brightest planets are in 

the evening sky, and make a brave showing. Pride 

of place must go to Venus, which by the end of the month — 
does not set until three hours after the Sun. Its magnitude 
is —4, so that it far outshines any other object in the sky — 
apart from the Sun and the Moon. Yet lovely though it 
is as seen with the naked eye, Venus must be regarded — 





OUR REGULAR LOOK AT ASTRONOMY 


SPACEWATCH 


BY DR PATRICK MOORE 


Mars and more distant objects are providing food for speculation in the 
near future, and the variable star Mira Ceti will be visible to the naked 


eye fora while. 


Phobos, which is below 20 miles in 
diameter, and is a dark, irregularly- 
shaped rock object. The ‘descent mod- 
ule’ will land on Phobos, attaching itself 
by a harpoon-like device; the ‘frog’ will 
literally hop around the surface of the 
tiny satellite. Of course, Phobos has a 
very weak gravitational pull, so that 
‘landing’ there is really more in the 
nature of a docking operation. 
Another satellite which will be very 
much in the news in 1989, if not 1988, 
is Triton, the senior attendant of Nep- 
tune. It is larger than our Moon, and, 
like Titan in Saturn’s system, is believed 
to have a substantial atmosphere. Two 
American astronomers, M. Delitsky and 
W. Reid, now suggests that the surface 
may be partly covered with a sea of 
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intensely cold liquid nitrogen and 
methane, on which floats a ‘scum’ of 
organic compounds. They even say that 
when Voyager 2 by-passes the satellite, 
in August next year, it will show “plains 
of white and coloured organic deposits 
and, maybe, the glint of a distant Sun 
reflected off a calm nitrogen sea”. We 
must wait and see, but in some ways 
Triton may prove even more interesting 
than Neptune itself! 

On the debit side, we greatly regret 
to report the death of one of Britain's 
most distinguished astronomers, Dr. 
D.H. Sadler of the Royal Greenwich 
Observatory and a Past President of the 
Royal Astronomical Society. Dr. Sadler 
was particularly well known for his work 
in the Nautical Almanac office. 
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as a telescopic disappointment; no telescope will show — 


anything but occasional vague, cloudy markings, simply 
because all we are seeing is the upper part of the atmo- 
sphere. Below, we have found Venus to be a veritable 
inferno, and even the shining clouds contain large 


amounts of sulphuric acid. During January the phase — 
decreases from 82 per cent to 77 per cent; notuntil March — 
will the planet reach ‘dichotomy’, and aap as a half- 


disk. 


Jupiter, magnitude —2.4, is in Pisces, and is visible all o 
through the early part of the night. Telescopically it is 
more rewarding than Venus; look for its cloud belts, its — 
bright zones, and its four main satellites. The Great Red — 
Spot (now known to be a whirling storm) has not been 
in evidence lately, but no doubt it will soon become — 


prominent once more. 


Saturn is emerging into the dawn sky, and Mercury. i 
an evening object; it may be glimpsed low down in the 
south-west at the end of the month, just after sunset. 
Telescopes will show it as a crescent, but no surface details — 
will be seen. Of the other planets, Uranus and Neptune _ 


are out of view, but Mars can be observed in the south-east 
before sunrise. Its magnitude is +1.5, and its apparent 
diameter is less than 5 seconds of arc, so that felescopes 


. ‘remain observable for s some time. 
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_ oe ( ‘Epsilon Aurige, at the a apex Coa triangle) Is 


3 binary, made up of a yellow super- — , 
ivisible companion which passes” 
in front of the supergiant once every 27 years. The Square 








of Pegasus is setting in the west; Ursa Major, the Great — 


Bear, is rather low in the north- east. Leo, ve Lion, is 


: coming into view over r the eastern horizon. 
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MIRA CETI 


This month the most famous variable 
star in the sky, Mira Ceti, should be an 
easy naked-eye object. It lies not far 
from the ‘head’ of Cetus, the Whale, and 
is on view in the south-west after dark. 

Mira was the first variable star to be 
discovered. It was seen in 1596 by the 
Dutch observer Fabricius, but subse- 
quently it was ‘lost’. It was seen again 
by Johann Bayer in 1603, but again little 
notice was taken of it, and it was not 
until 1638 that Phocylides Holwarda 
realized that it is a genuine variable. The 
mean period is 332 days, but this is not 
constant; like all stars of its type — now 
known universally as ‘Mira variables’ — 
both the amplitudes and the period show 
changes from one cycle to another. There 
is none of the regularity of the short- 
period Cepheid variables. 

Mira is the closest of the variables of 
its type; the distance has been given as 
95 light-years. (This is according to the 
authoritative Cambridge catalogue; 


Astronomy 


plus a host of regular features 


Number 7 


Articles in an advanced state 


of preparation: 


THE AURORA 
by Neil Bone 


A HUNDRED YEARS OF 
ASTRONOMY BOOKS: The Top Ten 


by David Hughes 


ALPHA CENTAURI: The Sun’s 


Nearest Neighbour 
by Ken Croswell 


other sources give it as rather more 
distant.) At maximum, the luminosity is 
130 times that of the Sun. By stellar 
standards this is not very powerful; 
Betelgeux in Orion — also variable, but 
of different type — could match 15,000 
Suns. 

At its peak Mira may rise to magni- 
tude 1.7, brighter than the Pole Star, but 
admittedly this does not happen often, 
and in most years the magnitude does 
not rise above 3. The 1987 maximum was 
fairly bright — I gave it as magnitude 
2.3 — but whether 1988 will come up to 
expectations remains to be seen. In any 
case Mira will be easy to identify, 
because of its strong red colour. Its 
spectrum is of type M, which means that 
its surface temperature is only about 
3000 degrees Centigrade — half that of 
the Sun. 

Mira has a faint companion, known 
either as Mira B or as VZ Ceti. Its usual 
magnitude is 12, though it shows occa- 
sional short-lived flares up to magnitude 


including: 


8. It may well be a white dwarf, but this 
month it will not be easy to see, because 
it is less than a second of arc away from 
the bright star (the actual separation is 
0.8) and will be ‘drowned’ in the glare. 

It is interesting to follow Mira 
throughout its cycle, though of course it 
is out of view for some time during the 
summer when it is too close to the Sun 
in the sky. My advice is to locate it now, 
when it is an unmistakable naked-eye 
object, and memorize the binocular and 
telescopic fields, so that you can find it 
again when it has dropped below naked- 
eye visibility. Binoculars will enable you 
to follow it for some time, but at 
minimum the magnitude falls to 10, so 
that a telescope will be needed. 

Mira is only one of many red long- 
period variables, but it has a special 
place in the history of astronomy, and it 
is not surprising that its name means 
“Wonderful”. 
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The Night Sky 
Sky Watch Down Under 


Picture Gallery 
Foreign News 
News Update 
society News 
Your Views 


Book Reviews 


COLOUR PHOTOGRAPHY WITHA 


SCHMIDT CAMERA 
by Terence Tempest 


Also, the ever-popular Newcomers’ 
Guide for beginners to astronomy 


ON SALE at all good newsagents — Price £1.25 


(also available on subscription) 


ISSUE NUMBER 7 ON SALE TUESDAY JANUARY 26th 


Ministerial involvement with IT may be 


unpredictable (see Leading Edge). 
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he circuit diagram for the transmitter 
appears in Fig.7, with the receiver 
circuit being shown separately in Fig.8. 

A standard 555 oscillator forms the 
basis of the transmitter. VR1 is adjusted 
for the output frequency that gives 
optimum sensitivity. The timing resistors 
have been given values that provide a 
roughly squarewave output. Due to the 
frequency selective nature of the 
receiver circuit, short pulsed waveforms 
tend to be ineffective and a (more or 
less) squarewave signal gives better 
results. 

High output currents are not required 
in this application, and IC1 can therefore 
directly drive the infra-red led via cur- 
rent limiting resistor R3. The LD274 
specified for the D1 position is a narrow 
angle type which is well suited to a short 
range application such as this. A wider 
angle type such as an LD271 will work 
in the circuit, but the wider beam results 
in a signal of lower intensity. 

Turning our attention to Fig.8, D1 is 
the detector diode. It is a large area type 
which is used here in the reverse bias 
mode. The pulses of infra-red radiation 


= uA741C 


= LF3S1 


IC3 = CA314@E 


IC4 = 4013BE 
Di = TIL100 


D2,3,4 = 1N4148 


Fig. 8. The infra-red lock circuit diagram. 
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PART TWO BY THE PROF 


RED LEADER TO CONTROL 


Using an infra-red frequency beam and a filtered bandpass receiver 
circuit, keyless remote control is a practical proposition. 


a 8 
e 
$1 
ON/OFF : 


Bl 


= NESSSP Di = 





Fig. 7 Infra-red “key” circuit. 





from the transmitter cause increased 
leakage current through D1, and the 
resultant pulses at its cathode are 
coupled to the input of the buffer 
amplifier via C2. D1 is a type which has 
a built-in infra-red filter, and it is not 
affected significantly by visible light. 
The buffer amplifier is an ordinary 
operational amplifier voltage follower 
which drives a simple operational 
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amplifier bandpass filter based on IC2. 
The latter has a Q of just under 5, a 
voltage gain of about 34dB, and a centre 
frequency of just over 3kHz. The voltage 
amplifier is based onTR1, which is oper- 
ated as a high gain common emitter 
amplifier. Together with IC2 it provides 
approximately 80dB of voltage gain, and 
gives the unit good sensitivity. A simple 
two diode rectifier processes the output 
from TR1, and the smoothed signal is 
fed to the input of a conventional oper- 
ational amplifier Schmitt Trigger built 
around IC3. R14 provides a moderate 
amount of hysteresis which reduces the 
risk of spurious pulses being generated. 
The flip/flop is one section of a 4013BE 
CMOS dual D type, and this drives a 
simple relay driver based on TR2. 

As this circuit has a fairly high level 
of gain, the component layout needs to 
be designed reasonably carefully so that 
any obvious paths for stray feedback are 
avoided. The only adjustment required 
to the finished unit is to be set VR1 in 
the transmitter for maximum range. The 
easiest way of doing this is to monitor 
the output level from IC2 at the receiver 
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using an oscilloscope or a.c. millivolt 
meter. With the transmitter switched on 
and aimed towards D1 at the receiver, 
VR1 is then adjusted for maximum out- 
put from IC2. If IC2 becomes driven to 
the point where the output signal 
becomes clipped, increase the distance 
from the transmitter to the receiver in 
order to reduce the signal level. In the 
absence of suitable test gear, it is just a 
matter of trying VR1 at various settings 
in an attempt to find one that gives good 
results. 

The unit works well at ranges of up to 
about 3 metres in free air, but the range 
is obviously reduced somewhat by the 
inclusion of glass or other partial 
obstructions placed in the beam from 
the transmitter. In practice a range of 
around half a metre should be satisfac- 
tory, and even allowing for factors that 
reduce the practical operating range, the 
system should be more than adequate in 
this respect. In some cases the range 
might be much more than is really 
needed. It is then advisable to reduce 
the gain of the receiver slightly as this 
improves the security of the system. The 
receiver’s gain can be reduced by adding 
a resistor in the emitter circuit of TR1. 
The higher the value of this resistor, the 
lower the sensitivity of the receiver (a 
value of about 100 ohms should do). 

Many of the circuits provided in this 
article use a relay. I have not specified 


HART 
Hi-Fi Kits 


Offer you a route to the very best Hi-Fi sound at bargain prices. Consider 
these star features. 

x Up to the minute Circuit design by John Linsley-Hood and other 
famous writers. 

x Advanced PCB layouts and engineering by HART. 

* Components BY THE DESIGNER for ultimate sonic 
performance give you the superior sound quality you want. . 

* Better value for your money. HART KITS have a far Eastern 
5-year norm. 

x Order in confidence from a established in 1895 and producing 
electronic kits since 1960. 

* Our kits are easy to build, 27 years of design experience 
guarantees that. Why not give your ears a treat, AND learn about 
electronics at the same time by building yourself a HART KIT. 
Each month we will feature a different HART KIT in this advert, but you 
can get instant information on our complete range by writing or 
telephoning for our free lists. 


LINSLEY-HOOD CASSETTE RECORDER CIRCUITS 







Complete record and replay circuits for very high quality low noise stereo 
cassette recorder. Circuits are optimised for our HS 16 Super Quality 
Sendust Alloy Head Switched bias and equalisation to cater for chrome 
and ferric tapes. Very easy to assemble on plug-in PCBs. Complete , 
with full instructions. 


Complete Stereo Record/Play Kit .............::ecsceesseeesseeesseeeeeees £33.70 
Reprints of original Articles ..............:cecsesecsecessscneeeseeeceeeeeeeseeenees 75p 


Personal callers are always very welcome but please 
note that we are closed all day Saturday 
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a particular type, but in each case any 
type that meets the following criteria 
should suffice:- 

1. It must operate reliably at slightly less 
than the nominal supply voltage. 

2. The coil resistance should be about 
185 ohms or more. 

3. It must have contacts of the appro- 
priate type and adequate rating for 
your particular application. 

4. Not essential, but construction is gen- 
erally easier using a modern minia- 
ture printed circuit mounting type. 


DEVELOPMENTS 


These circuits should serve to give you 
a good idea of the variety possible with 
electronic locks. They also make a good 
starting point for anyone who would like 
to experiment with this type of thing. 
All the circuits could be improved upon, 
and you may well be able to come up 
with a few novel designs of your own. 
A useful addition to units of this type is 
some form of tamper alarm. This sounds 
an alarm and (or) holds the lock in the 
off state for a period of time in the event 
of an incorrect “key” being connected 
to the circuit. With the infra-red alarm 
it would be possible to have a circuit that 
detected an infra-red beam at the wrong 
pulse frequency and sounded an alarm 
and (or) provided a hold-off. It would 
also be possible to have a coded signal 
modulated onto the infra-red beam. This 


400 SERIES LINSLEY-HOOD ULTRA HIGH QUALITY 


AUDIOPHILE TUNER SYSTEM. 





Our very latest kit offers the discerning enthusiast the chance to get the 
ultimate sound quality possible from both AM and FM broadcasting 
systems. This is made possible by having completely separate receivers, 
both of which use new and novel circuit features to enhance their audio 
performance. The kit combines the ultra high quality FM tuner and stereo 
decoder from “Electronics Today International” with the Synchrodyne 
AM receiver from “Wireless World”, cased to match our 300 Series 
amplifiers. To simplify construction the FM sections uses a ready built 
pre-aligned front end. The phase locked loop demodulator/IF stage 
having a response down to DC and advanced sample and hold stereo 
decoder together make a tuner which sounds superb, but thanks to.the 
ingenious double sided PCB layout is easy to build and totally stable, 
The Synchrodyne AM section with it’s selectable bandwidth provides 
the best possible results from Long and Medium wave channels, so 
necessary in these days of split programming. Build any one of four 
versions up to the full AM/FM model, with any unit being upgradeable 
at any time. 


K400FM FM Only Turner KKit\...........c0sscecessscossnsescesosceneesenscsaree £134.61 
AE CCH TURE TOR wesistsndessclavgupesscoobeesacsebspovavsnusdeccomntaynt £147.87 
K400FM/A FM Only Adaptable AM ............:cccccsecseeesrereeeneeeees £139.96 
K450 Synchrodyne AM Module Kit ............:cccecccseseeeneeeeeeees £65.90 
400AM/FM Full AM/FM Kit 0.0.0.0... eee cceeeeeeereseeceeeeeeeseseeeeeaes £205.92 


LINSLEY-HOOD 300 SERIES AMPLIFIER KITS 
Superb integrated amplifier kits derived from John Linsley-Hoods articles 
in ‘Hi-Fi News’. 
Ultra easy assembly and set-up with sound quality to plese the most 
discerning listener. Ideal basis for any domestic sound system if quality 
maters to your. Buy the kit complete and save pounds off the individual 
component price. 


K300-35 35 Watt. Discount price for Complete Kit .................. £98.79 
K300-45. 45 Watt. Discount price for Complete Kit ............... £102.36 
RLH4&5 Reprints of Original Articles .............ccececcessseseeeeeenees £1.05 


ELECTRONIC LOCKS 


could use the same basic circuit as the 
infra-red joystick design featured in a 
previous issue of this magazine (Nov 
1986), or some remote control inte- 
grated circuits which permit quite com- 
plex coding of information onto the out- 
put signal. 

When designing electronic locks try 
not to get carried away with over com- 
plex ideas. To be practical the system 
must not be so expensive that it costs 
more than the property it is protecting. 
It must also be convenient in use, and 
should not require a suitcase full of elec- 
tronics to activate to lock. It must also 
be reliable. It is very easy to design sys- 
tems that quite often fail to operate 
when the correct “key” is used. Do not 
make the classical mistake of having 
highly sophisticated locks that are easily 
bypassed simply by undoing a few 
screws, or leaning hard on a door or 
window. Good locks should be used in 
addition to secure windows and doors, 
and preferably backed up by at least a 
basic alarm system. Where electronic 
locks can probably be used most effec- 
tively is with electronic equipment that 
must not be operated by unauthorised 
users. For instance, with computers that 
are used to store sensitive information, 
or radio transmitters. 

Your local police station will always be 
happy to offer advice on the best way to 
secure your property. Ed. rags 


HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 








Do your tapes lack treble? A worn head could be the problem. Fitting 
one of our replacement heads could restore performance to better than 
new! Standard mountings make fitting easy and our TC1 Test Cassette 
helps you set the azimuth spot-on. We are the actual importers which 
means you get the benefit of lower prices for prime parts. Compare us 
with other suppliers and see! The following is a list of our most popular 
heads, all are suitable for use on Dolby machines and are ex-stock. 

HC20 Permalloy Stereo Head. This is the standard head fitted as 
Original equipment ON MOSt GECKS ...........cccceeceneseeeteeeeeeeeereeteee £7.66 
HS16 Sendust Alloy Super Head. The best head we can find. Longer 
life than Permalloy, higher output than Ferrite, fantastic eres 


TESTIS Gs sak cse aah sn scan go ode Loguranetnsn cus Ssoeaapeabanaraayaebaanecbas cutie sess .86 
HQ551 4-Track Head for auto-reverse or quadrophonic use. Full 
specification record and playback Mead ............:cccccseseeeeeneeees £14.60 
HX100 Stereo Permalloy R/P head Special Offer .................. £2.49 
MA481 2/2 Language Lab R/P head ..............::ccsceeeeseeseeeee £13.35 
SM166 2/2 Erase Head. Standard mounting AC type ............ £8.85 
SM150 2/2 Erase Head. DC Type ..............ccscceececesceesseteeeeeeees £3.60 
HQ751E 4/4 Erase Head for Porastudio etc ............. cece £46.80 


Full specifications of these and other special purpose heads in our lists. 


HART TRIPLE-PURPOSE TEST 
CASSETTE TC1 


One inexpensive test cassette enables you to set up VU level, head 
azimuth and tape speed. Invaluable when fitting new heads. Only £4.66 
plus VAT and 50p postage. 

Tape Head De-magnetiser. Handy size mains operated unit prevents 
build up of residual head magnetisation causing noise on playback 


Send for your free copy of our LISTS. Overseas please send 2 
IRCS to cover surface post or 5 IRCS for Airmail. 


Please add part of cost of post, packing and insurance as follows: 
OVERSEAS 
Please send sufficient to cover 


Surface or Air Post as 
required. 


INLAND 

Orders up to£10—50p 
Orders £10 to £49-—£1 
Orders over £50—£1.50 






8052-BASIC 
MICROCONTROLLER-KIT 


I/O CONNECTIONS 


BUFFERS 


RS23e 
CONVERTERS 


8052-BASIC *——— 
CONTROLLER 
EPROM PROGRAMMER 


PRINTER 
DUPLEX 
PORT 









STATIC 


MEMORY 


BUFFERS POWER 
5 a) ¢ SUPPLY 
EXPANSION 6 TO i6V 
CONNECTOR SUPPLY 





FEATURES INCLUDE 

* Powerful Enhanced Basic Interpreter, 

* On Board EPROM Programmer, 

* Program Development from a VDU, 

* 32K Bytes of CMOS Static RAM, 

* 32K Bytes of CMOS EPROM (expandable to 56K 
Bytes), 

* Two RS232 Ports, 

* Single Unregulated Supply Requirements, 

* Small Physical Size (80 by 100mm), 

* Expansion with range of Compatible Circuit 
Boards. 


KIT including all components, full instructions and 
operating manual— £129 

Manufactured and Fully Tested Circuit Board — 
£244. 


‘All prices exclude VAT. 

Packaging and Postage FREE (UK only). 

Overseas P&P : — Europe £2.75 
Elsewhere £6.50.” 


For full details please contact 
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MONIFIETH BUSINESS CENTRE 
DUNDEE DD5 4P] Telephone: 0382 534944 
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240In — 240V Out 100VA ......cececeeeeseeness f4P&P £4 


SPECIAL OFFERS 
COSSOR OSCILLOSCOPE CDU150. Dual Trace 
35MHz. Delay Sweep. Solid State Portable 8 x 10cm 
Display with Manual ............. NOW ONLY £180 each 
Optional Front Protection Cover containing 2 Probes 
Be VU OIE ils iivecipnesenesvcgnethsbeetvheo soos dbaingale £10 
SOLARTRON OSCILLOSCOPE CD1400. Dual Beam 
15MHz with Manual ..........:csecceeeeeees ONLY £85 each 
AVO VALVE TESTER CT160. Suitcase style. 22 Bases. 
CES 220d a ea Goacsrcbascatmasbelsiinilgh £ONLY25 each 
LABGEAR FIELD STRENGTH METERS 
COE cass Tanase ko ahaG wpoksihoted fcuaey taka lbn does (P&P £7)£80 
DEGAUSSING COILS... (P&P £4)only £20 
DECCA Colour Bar Generator type 82514 ........ £125 
PHILIPS COLOURBAR GENERATOR type 5508. Video 
GUT: MBI TICHONS ws descecescsiscat cossvsencaiveuseeseabuens £125 
LABGEAR Colour Bar Generator type 6037 UHF/VHF 
BP BAST Rae CL A CSR Se ce A UI (P&P£4)60 
LABGEAR Colour Bar Generator type 6052 UHF/VHF. 
OWRUITV QRH Sheds si yiyooensis cy ite nscondebect (P&P£4)£70 
PHILIPS Wobbulator type 2877S .......cceccseeeeee £100 
ADVANCE AM/FM Signal Generator type 63E 4- 
MPMMONE sahil cde vial ccibks tock og oncspeas cettmplnesteapienes £100 
MARCONI AM/FM Sig Gen TF1066B 10-47MHz250 
MARCONI AM/FM Sig Gen TF995 range from .. £150 
MARCONI TF2604 (Later version of TF‘1041 VTVM) 
20Hz-1500MHz; AC/DC/Ohms AC 300mV-300V FSD 
£3 


NEW EQUIPMENT 
HAMEG OSCILLOSCOPE 605. Dual Trace 60MHz. 
Delay Sweep. Component Tester ..........:.cee £583 
HAMEG OSCILLOSCOPE 203.6. Dual Trace 20MHz. 
Component Tester with 2 probes ..........cssee £314 
All Other Models Available 

BLACK STAR FREQUENCY COUNTERS P&PE£4 

Meter 100-100 MZ  hi.cibccccsssccoscsssstesouiaysossseatees £99 
Meteor 600-600MHZ ..........cscscecssseseeeeteesenseneneee £126 
WNGLE GE WOOO GHZ ios. : sheets pure csiacic thane sbsetvipes £175 
BLACK STAR JUPITOR 500 FUNCTION GENERATOR 
Sine/Square/Triangle. 0.1Hz 500KHz P&P £4 ... £110 
BLACK STAR ORION. PAL TV/VIDEO COLOUR 
PATTERIE GENERATOR 255c5 Nees desssccseestvcucdcoeacd £199 
HUNG CHANG DMM 7030 3% digit. Hand held 28 
ranges including 10 Amp AC/DC 0.1%. Complete with 
Battery & Leads. (P&P £4) £39.50 
AS ABOVE. DMM6010. 0.25%. ... . £33.50 
OSCILLOSCOPES PROBES. Switched x 1; x 10 ik 


OSCILLOSCOPES 
TELEQUIPMENT D83. Dual Trace 50MHz. Delay 
Sweep. Large Tube 
TELEQUIPMENT D61 Dual Trace 10MHz. With 

£150 


PPeeTeEUUTSUOEOOOTTO eee Tee eee ee creer errr reer ee 

















S.E. LABS SM1111 Dual Trace 18MHz. Solid State 
Portable Ac or External DC operation 8 x 10cm 
display with Manual 0... cccceeeeeereeteenees £150 
TELEQUIPMENT D43. Dual Trace 15MHz. With 

£100 


PreUUEEUUESSOUOCOOOOOOEOOOe eee TOT eee errr rere ers) 












TELEQUIPMENT S54A. Single Trace 10MHz. Solid 
State. With WORUal cscs. cise cetegegssestacsoansiens £90 
GOULD/ADVANCE 08255 Dual Trace 15MHz. With 
WRSAINE 5 hich liatind ssyzsetininsboe foi ataasserinny £225 
HAMEG 207 Single Trace 8MHz. With Manual £50 


MULTIMETERS 

AVO 8 complete with Batteries & Leads. . from £45 
Leather Cases available oo... eects rescence £10 
AVO8 MkV Complete with Batteries Leads & Case£90 
AVO TEST SET No 1 (Military version of AVO 8) 

Complete with Batteries, Leads & Carrying Case . £65 
TEST LEADS suitable for AVOMETERS. Red & Black 
with 2 Croc-Clips & 2 Prods. (p&p£2) ..........c0 £5 
AVO Model 73. Pocket Multimeter (Analogue) 30 
ranges. Complete with batteries & leads ........... £18 
AVO 72 — Similar to above but no AC current range. 
With batteries & leads oo... cscsesessneseseeeeeneees £10 
MARCONI AF POWER METER TF893A 20HZ-35KHZ, 
20uW — 10W. WITH MANUAL (P & P £7) ......... £35 
MARCONI RF POWER METER TF1152A/1 DC - 
500MHZ. 0.5 to 25 WATTS. 500HM. WITH MANUAL 








































































STEPPING MOTORS 
Type 1. 200 Steps per rev. 4 Phase (5 wire). 12/24V. 
Torque 2502 inch/will run on 5V with reduced torque) 
SR eU erty Sarge” RD al SNR icra ie AG ar £5 each 
Type 2. 6/12 Steps per rev. 3 Phase. 12/24V (will work 
on 5V) . ‘yi: RN POUL eas £7.50 
Type 3. NORTH AMERICAN PHILIPS. 24 Steps per rev. 
4 wire 5V. 3.3Amps 0-250 rpm 0-200 PPs .... £6 each 
TYPE 4. 200 Steps per rev. 120V (3 wire) Torque 25 
Fay des 20) Lge ARRLG, ek Mie a, Maeva Ce ae ye FRA £4 each 
Type 7 WARNER 24 Steps per rev. 3 Phase 
(6 wire). 28V. Holding Torque 45 oz inch... £5 each 


ISOLATING TRANSFORMERS 
240VIn — 240V Out 500VA ......... £15 each P& P £5 
240VIn — 240V Out 100VA ........... £6 each P & P £2 
240In — 240V Out 500VA ou... eee f6P&P £5 


USED EQUIPMENT — WITH 30 DAYS GUARANTEE. MANUALS SUPPLIED IF POSSIBLE 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. Please check availability before 
ordering. CARRIAGE all units £16. VAT to be added to Total of Goods & Carriage. 


STEWART OF READING 
110 WYKEHAM ROAD, READING, BERKS RG6 1PL 


access Telephone: 0734 68041 
i 


Callers welcome 9 am-5.30 pm Mon-Fri. (until 8 pm Thurs.) 
COMPUTER ENGINEERING 


lf you are aged between 18 and 24 and would like to take 
up an exciting, rewarding and ati career in 
Computer Field Engineering then read on.. 


We have vacancies for Trainee Computer Engineers at 


BIRMINGHAM, BISHOP’S STORTFORD, BRISTOL, 
EPSOM, EXETER, FELTHAM, LONDON. 


Come and join us on an established training programme 
which will provide you with a mixture of practical and 
theoretical training to ensure that your are well equipped 
and on the way towards a successful career with CFM. 






























































VISA 
ae 





You must have ‘O’ levels in Mathematics, Physics and 
English, possess appropriate qualifications at ‘A’ level 
or equivalent and have a valid driving licence. 


You will be required to take part in a rigorous selection 
procedure which will test your aptitude and ability for 
this unique opportunity to join the United Kingdom's 
leading independent Computer Maintenance 
Company. 


Please write, giving brief details of your 
qualifications and experience to: 


Sally Callaghan, 

Computer Field Maintenance Ltd., 
Trust Industrial Estate, 

Wilbury Way, 

Hitchin, 

Herts SG4 OUZ. 


z 
UA 


ftipet ax" 
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2 recent issues of PE Brian Brooks 

and Mark Stuart described the 
principles, characteristics and 
performance of basic dc motors and 
control circuits. In this article I intend 
to elaborate on the theme, and consider 
the various parts of a dc servo system. 

All the designs were developed over 
the last year during robotics research at 
Portsmouth Polytechnic. Although the 
designs were originally for a cheap 
prototype robot, the circuits may be used 
for a wide range of applications and will 
extend the use of your home computer. 
The circuits are considered separately, 
and not as a complete servo system, so 
that individual circuits or parts of circuits 
can be used. The designs will allow 
interfacing and control of the outside 
world. 

Here we shall consider a useful non- 
linear mixer stage and a novel but simple 
design for an efficient servo amplifier 
stage. In “both cases, by _ sensible 
adjustment of resistor values, the circuit 
can be applied in any situation, not just 
in a dc servo system. 


MIXER STAGE 


The mixer stage is a non-linear circuit 
based on a TLO081 operational amplifier. 
The TL081 has proved itself as a robust 
and reliable op amp for control 
applications, directly replacing standard 
op amps such as the 741. The mixer has 


DC MOTOR SERVO > 


BY DAVID SANDERS 


TWO MODULES GO A LONG WAY 


Our author describes two tried and tested stages which can be built 
into a variety of servo and robotic systems: a non-linear mixer 
circuit, and a dc servo amplifier with four separate selectable 


voltage supplies. 





The author's unit in a practical situation. 


two feedback paths, one of which is non- 
linear and only takes effect within 
predefined limits. 

The first dc servo-amplifier design is 
called the Billingsley amplifier, after Dr 
John Billingsley, Professor of Robotics 
at Portsmouth (more famous among 
electronics and computer buffs as the 
father of Micromaze and now, Robot 
Ping Pong). 

Unlike more conventional “push pull” 
amplifiers, this design has four separate 
simple voltage supplies. Current supply 
to the dc motor in a forward or reverse 
direction is usually achieved with a single 
power supply. In the Billingsley 
amplifier, current is applied by four 
separate high impedance output stages. 
The design is highly efficient and largely 
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overcomes the problems of crossover 
distortion and wasted power common in 
conventional servo motor power 
amplifiers. 

The block diagram of the mixer circuit 
is shown in Fig.1. The feedback signal is 
split into two paths, both providing 
negative feedback. The outer loop is a 
simple linear feedback loop, but the 
inner loop is non-linear. The gain and 
range within which the non-linear circuit 
takes effect is preset by the selection of 
suitable resistors and voltages. For most 
applications the outer loop would be 
“loose” (low gain), allowing high speed. 
The inner loop can be high gain, 
providing “tight” control within the 
limits. 

The demand input to the mixer is an 
analogue voltage. If powered from a 
computer or microprocessor, the signal 
would be derived from a d/a circuit. 

The tacho signal is optional and is only 
used when a speed/voltage signal is 
available. Tacho signals can be simple to 
produce with the help of modern chips 
and specific circuits will not be discussed 
here. 

The tacho input is mixed with the 
demand input and fed to the TL081. This 
is connected as a standard mixer using 
the negative input. 


R24 43K 


R23 1K8 


R26 5SK6 


ALL 
1N4148 





Fig. 1. (Above) Block diagram of the mixer circuit. 
Fig. 2. (Right) Mixer circuit diagram. 
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MIXER CIRCUIT 


The circuit diagram of the mixer is 
shown in Fig.2. R23 and R24 define the 
gain of the demand input, in this case: 


Demand = R24/R23 = 43/1.8 = 24. 


The tacho signal is separated into two 
paths. One path is high gain, for low 
velocities close to the demanded 
position and consists of the four diodes 
D3-D8 and resistors R25—R27. This 
inner loop only takes effect when the 
tacho-feedback signal is within the two 
supplies at A and B, in this case +/—10 
volts. 

A current flows from supply A to 
supply B. When the tacho input Tis zero, 
half the current flows through D5 and 
D7, and half through D6 and D8. As the 
tacho input moves away from zero, say 
positive, the amount of current through 
DS and R25 reduces and current through 
D7 and R27 increases. Thus, the voltage 
applied to the op-amp tends to increase 
in sympathy. The effect within the range 
is that the output to IC1 is via R26. 

The high gain circuit only takes effect 
within the limits of A and B, since when 
the tacho input is outside this range, say 
positive, no current can flow through 
D5, which is reverse biased and the 
voltage across is constant. So R26 and 
R24 define the inner loop gain, in this 
case: | 

Loop gain = 42/5.6 = 7.8 


A second path with a low gain for 
higher velocities where control is not so 
important, consists of a simple resistor, 
R28. A capacitor, Cl, is included to 
remove noise from the feedback signal. 
R28 and R24 define the outer loop gain, 
in this case: 


Loop gain = 43/56 = 0.78 


The setting of these gains depends on 
the amplitude of the feedback signal in 
your particular application and may 
require modification. 
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ORIVER ° 
CONTROL 
FOR 1+2 


Resistor R29 and variable resistor 
VRI1 adjust the output of IC1 to zero for 
a zero input. 


AMPLIFIER DESIGN 


For rapid speed and fast responses, 
the amplifier must be capable of 
delivering a substantial current. In this 
novel design, large demand voltage 
signals may have current supplied from 
a higher voltage positive or negative 
supply. (Fig.3). This would occur at high 
speed or for torques associated with 
large changes of force. (Fig.4). 





Fig. 4. Graph of torque against armature 
current. 


For smaller inputs, current is drawn 
from two lower voltage supplies. This 
will be the case when the motor is at 
rest while sustaining a constant load. 
When stationary the mechanical 
efficiency of the dc motor is near zero 
and the power associated with the 
current drawn from the power supply 
must be dissipated in the motor winding 
or control circuitry. 

Because lower voltage supplies are 
used whenever possible, a power saving 
is achieved. Considering supplies of +40 
volts and +10 volts, the thermal 
dissipation of power in the controlling 
circuits will be less than one eighth of 
that in a conventional circuit of typically 
+40 volts. 

The amplifier circuits of a 
conventional twin supply output stage 
are configured to have a low output 
impedance and are liable to excessive 
common current if both are 
simultaneously driven into conduction. 





Fig. 3. Amplifier 
block diagram. 








MOTOR/ LOAD 





This transition characteristic is crucial in 
traditional amplifier design. Basic 
design provides for a ‘dead band’ in 
which no conduction occurs. Crossover 
distortion is then present in the output 
wave-forms. | 

The control circuits of the Billingsley 
amplifier are configured to have a high 
output impedance, giving an output 
current which during the conducting 
phase of each circuit varies linearly with 
the applied demand signal. These 
outputs may be safely connected without 
fear. The lower voltage circuits are 
biased so that over a central range of 
input control signal both circuits 
conduct. Outside the range, one or other 
circuit will be cut off. (Fig.5). Within the 
range, the rate of change of output 
current with respect to the input signal 
will be twice that outside the range and 
neither dead band nor discontinuity of 
current will occur. | 





-4C -1¢ Ov #10 


Graph of output voliage agans! input voliage 


Fig. 5. Graph of output versus input 
voltages. 


AMPLIFIER CIRCUIT 


A block diagram of the circuit is shown 
in Fig.3. The four circuits are configured 
so that the higher voltage amplifiers will 
only conduct once the opposing low 
voltage amplifier has turned off. The 
amplifier circuit diagram is shown in 
Fig.6. : | 

Two pairs of transistors control the 
four Darlington pair driver circuits. 
These are shown as TR1/TR2 and TR3/ 
TR4 in the diagram. These pairs of 
transistors are configured so that neither 
pair can have both _ transistors 
conducting simultaneously. In the circuit 
shown, a change of input voltage at the 
emitters of about 1.4 volts is necessary 
to change from one state of conduction 
to the other. 

Resistors R7 and R8 apply a bias 
voltage to the bases of TR1 and TR2. 
Similarly R9 and R10 biasTR3 andTR4. 
The resistors are set so that the low 
voltage drivers each conduct a moderate 
current, for instance 0.5 amps. The 
grounded base configuration of TR1, 
TR2 and TR3, TR4 causes the change in 
input voltage at the junction of R1 and 
R2 to result in a proportional change in 
the voltages across R11, R12, R13 and 
R14. If, as in this case, these resistors 
are selected to be equal in value, then 
the voltage changes are equal. 

If the input voltage is steadily 
increased from zero then TR2 will 
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Fig. 6. The circuit of the complete servo amplifier. 


increase its collector output while driver 
TR3 will decrease, in this example 
cutting off at an input of 0.25 volts. Thus, 
TR3, the transistor controlling the +10 
volt supply, switches off completely 
before TR4, controlling the —40 volt 
supply, can begin to conduct. TR1 and 
TR2 operate in a similar manner. As the 
input voltage continues to increase, the 
output of TR2 continues to increase. 
Only when the input is in excess of 
approximately 3 volts will TR4 and the 
—40 volts supply begin to conduct. 


CURRENT CONTROL 


The four circuits for current control 
are formed by transistors TR5 to TR12 
with their associated resistors. These 
circuits operate slightly differently, but 
are similar and only TRS and TR6 will 
be considered. 

TRS and TR6 are connected as a 
Darlington pair, giving very high current 
gain. Resistor R15 carries a voltage 
proportional to the current supplied by 
its associated transistors. This voltage 
has a feedback effect, so that to a first 
approximation a voltage increase on the 
base of TRS will result in an equal 
increase in the voltage across R15, and 
hence a corresponding output current. 
If, for example, the value of R15 or R18 
is 0.5 ohms, a gain of 2 output amperes 


per input volt is obtained. In a similar . 


manner, the other three circuits supply 
current to the load from +40, +10, —10 
and —40 volts respectively. 

Diodes D2 and D3 protect the lower 
voltage drivers from being reverse 
loaded and diodes D1 and D4 protect 
the output transistors TR6 and TR12 
from the large reverse voltages which 
can be produced in the load. 
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The printed circuit board is available 
through the PE PCB service. 


Fig. 7. Printed circuit 
assembly details. 





D 










off) 





CONSTRUCTION 


The mixer and low power section of 
the servo amplifier need to be as close 
as possible to avoid noise in the low 
voltage connection, and in this case are 
mounted on pcb. (Fig.7). 

The four high current circuits need to 
be constructed on a heatsink, and so that 
each transistor of each Darlington pair 
is close together. A typical layout is 
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DC MOTOR SERVO 





the other as shown in photo 3. Providing 
the circuits are mounted +, —, +,-—with 
the low power circuits on the outside for 
safety, no problems should arise from 
overheating. 


FINALLY 


Once the decisions have been made 
for the fixed power supplies and resistor 
values, only VR1 needs adjustment to 
give a zero output for zero input. 


The only likely problems with these 
circuits will be in the earth connections 
and care must be taken when wiring the 
system not to create an earth loop. All 


SERVO-AMPLIFIER 
PARTS LIST 


























SR a 4 2700(4 off) the circuits should have one earth 

sy whoa SOs (20 ff) connection to the same point, including 

Photo 2. Heatsink layout. R4 1500 Coff) the motor and supply circuits. Any 

= (2 off) connection to a d/a circuit or computer 

shown in photo 2. This is not the only oo i Ce) should have the earth connection from 
way to construct the amplifier circuit and , | bk 3  . the mixer circuit supply. 

your construction can be modified to fit - Motors are noisy things and any noise 

your available space and type of heat- = yo : oes in the circuit from this source must be 


accepted. Any attempt to filter this noise 
will reduce circuit’ performance and 
possibly cause oscillation. If oscillation 
in the circuit is very bad, start by 


sink. 
A construction of this type can then 
be mounted with each amplifier above 


R15,R16,R,17,R18 0.50 (4off) 
R19,R20,R21,R22 — 100 Q (4 off) 


SEMICONDUCTORS 






D1,D2,D3,D4 —«IN5401 (4off) _ Benes seus omg feedback loop gains 

- Bing cag oe : ce The circuits are proving themselves as 

“TRS” aioe . ) good work horses at Portsmouth 

>. TR6.TR12 | 9N3773 Q ff) Polytechnic and photo 1 shows the dc 

TR7 . TIP32 (2 off) amplifiers powering a prototype robot 

: ee base developed for Micro Robotic 

oo oa” on) Systems in the Electrical Engineering 

TR11 TIP31B Department. The circuits have now been 

Jo ee _ 1 : o used for over a year with little problem. 
- ust LD1,LD2,LD3,LD4 Standard low I wish you the same success with your 
Photo 3. Heatsink stacking. power leds systems. aE 
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R1 100k i i 100 SIMPLE AMPLIFIER 


Ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO 
AMPLIFIERS, LOUDSPEAKER CROSS-OVER NETWORKS, WIDE-BAND 
AMPLIFIERS, TUNED R.F. AMPLIFIERS, AERIAL MATCHING NETWORKS, TV LF. 
and CHROMA FILTER CIRCUITS, LINEAR INTEGRATED CIRCUITS etc. 


STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated by “breaking 
the loop”. 


Tabular output on Analyser I. Full graphical output, increased circuit size and active 
component library facilities on Analyser II. 


Check out your new designs in minutes rather than days. 
ANALYSER can greatly reduce or even eliminate the need to breadboard new designs. 
Used by INDUSTRIAL, GOVERNMENT and UNIVERSITY R & D DEPARTMENTS 


POSSDORDESEROSRES S 


a4 4t4 is it ta tte 
oone 





sc 
SESGEES 


s 
ttt te P 
SFeee eee eeee ee eeeeeeeeee 








QeccsteeeMecsgbecesernibannstadlabereatercadnrseBcsetasesegeueana®screB isa: 8Svater 
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IBM PC (and compatibles), RM NIMBUS, BBC MODEL B, B+ 
and MASTER, AMSTRAD CPC and SPECTRUM 48K 


“ANALYSER?” | and Il compute the A.C. FREQUENCY RESPONSE of linear 
(analogue) circuits. GAIN and PHASE INPUT IMPEDANCE, OUTPUT 
IMPEDANCE and GROUP DELAY (except Spectrum version) are calculated 
over any frequency range required. The programs are in use regularly for 
frequencies between 0.1Hz to 1.2GHz. The effects on performance of 
MODIFICATIONS to both circuit and component values can be speedily 
evaluated. 

Circuits containing any combination of RESISTORS, CAPACITORS, 
INDUCTORS, TRANSFORMERS, BIPOLAR and FIELD EFFECT 
TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated — up to 
60 nodes and 180 components (IBM version). 


worldwide. IDEAL FOR TRAINING COURSES, VERY EASY TO USE. Prices from £20 
Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and FREE update service. 
For illustrated leaflets and ordering information please contact Ref: WW 


Number Ome Systems |Lital i 


Harding Way, Somersham Road, St Ives, Huntingdon, Cambs. PE17 4WR. Telephone: St Ives (0480) 61778 
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List Price 6V 16 Ah 
Sealed Batteries 


A sealed. maintenance free, lead acid gel battery, the 
EP6160 is manufactured by Elpower and delivers a massive 
6 volt 16Ah capacity from a package measuring only 210 x 
140 x 70mm. Useful for many standby or portable 
applications, the EP6160 is suitable for deep cycling use 
and is chargeable from a constant voltage source. 


Easy 
Power 


available. 


SIEMENS V30141 300 WATT OPEN FRAME 
SWITCHMODE 

A high reliability multirail supply carrying UL and CSA approvals. Built on a rugged 
aluminium chassis the V30141 accepts 110 or 220Vac input and delivers five outputs: 
x 5V/35A « 12V/3A * 24V/3.2A * —12V/0.2A * — 5V/2A 








All units buwmed in and tested 
Offered BRAND NEW & boxed 
Overall size 390 x 225 x 70mm 


REDUCED 
TO CLEAR only 





















BBC DISK INTERFACE leads, 34 way speed-bloc socket to 
34 way connector. Available in single or twin drive 
configurations. 

SINGLE DRIVE . .. £150TWINDRIVE .. . £2.50 
UM 1286 modulators - High quality UHF modulcators for 
interface of computer and video 75 Ohm sources to TV sets. 
Data supplied. 
BARGAIN PRICE 


components. 


frequency, 50ohm o/p 
LITHIUM CELLS, Matsushita 























Part No. Mfr Description 


Quantity discounts available on all the above lines. 


A range of YUASA maintenance free rechargeable Lead Acid batteries having many 
applications in portable and standby situations. Suitable for cyclic and standby use the 
sealed construction ensures long life and no electrolyte leakage. All batteries are brand 
new and available ex-stock at highly competitive prices. 

*6 Volt 1lAh 50 *12 Volt 1.2Ah 
*6 Volt 1.2Ah *12 Volt 1.9Ah 
*6 Volt 2.6Ah 


£1.00 
£0.80 
£1.00 
£0.50 
£0.50 


2uF 250Vac Filmcap ACT Polycarbonate 
100/350V Erie KB411CT £1.00 
2200/16V Rad. Panasonic 

2200/200V Mallory CGS 

4700/16V Ax.Mull 032 

4700/63V Procond 542 : 10000/16V Rad Nich £0.30 
22000/63V Mullard 114 £4.00 33000/50 LCR £4.00 
We carry a full range of Ceramic, Poylester, Polystyrene, Tantalum, Electrolytic, Variable 
and Trimmer capacitors. 


3300/50V Marcon CGF 
4700/25V Mull 050 











A range of high reliability electromechanical timers by IZUMI DENKO. All units 240 Vac 
and have 5A contact sets RTMSP2N-Octal base, 2 contact sets, start on power-up, power 
off reset. 0-6sec, 0-210sec, 0-28hr. 













RTUM2N —- 72mm square panel mount. Screw terminals. Specs as above. 0-35sec, 0-70sec, 
0-210sec, 0-7min, 0-35min, 0-210min. 

RTMSPSB - as above but separate clutch and motor connections. Reset on Power-off 
0-12sec, 0-35sec, 0-210sec, 0-28hr. 
Application sheets available. All timers only 


... Stop press... SOLAR PANELS 
12 ins x 13 ins 12 Volt 200mA output in British sunlight. 
Bargain price ... BRAND NEW £15.00 +A £2.00 P&P 


Fuselodge Ltd. 










Terms of business 


your order. 

Callers Welcome. 

Shop Hours: 9.00-5.30pm. 
6 days a week 





267 ACTON LANE 
CHISWICK, LONDON W4 5DD 
Telephone: 01-994 6275 


ALL PRICES 





PRACTICAL ELECTRONICS FEBRUARY 1988 





Converters 


Measuring only 85 x 70 x 20mm the GSR407 converter 
delivers 7 Volts at 4 Amps from an input range of 8-48 
Volts DC. The use of modern switchmode circuitry enables 
an efficiency of 75% and the unit is protected against short 
circuit and over-temperature. Simple to use, the GSR407 is 
offered with data sheet, and full application information is 


ELMA INSTRUMENT CASES - Supplied in kit form, these 
attractive and easy to assemble enclosures are finished in 
Pacific Blue and will accept either Eurocards or modular 


Size 317 x 140 x 240mm ONLY 
NEC MC5808 DBS Local Oscillator Module 10GHz ECS 


DAC80-CBI-V BBr 12. Bit Ds Converter ss siasiescnsiheddep iepbieecssbossnssceoncens £4.00 
K1135A Mota Dial Barecl Rate: Com 5 icclviscsstcccisestamscbescsnbsbeiserassntaes £2.00 
AY-3-1270 GL. Temperature Controller ........ccssesssesessessssesseneesenseees £2.00 
LD271 Siem ERed Emitter  SG0ri sic. dcccsciscsidscnssscevingnsesosecheneoses £0.10 
BPX81-IV Siem Phototransistor 850MM .......ccecesssessesssscseseseeseencnees £0.10 
DL1416 Nat Intelligent 4 Chr Ascii Display ...........ccsssseesesesees £6.00 
MAB8031AH-12P Sig GO Bit Maret cea ccnclik chiens dndbtsvatnocessnincniie £3.95 
LM350K Mota Adj: 3A Regulator TOS .:.c.cscssescsssssssscccscssssossssseosevens £2.00 
INS815-4N Nat 16 Bit VO + 266. Bit RAM oocisc<oescsssissievwiticagousetssbesss £6.00 
D8755A Int VO Port + EPROBE ci vcssiscisusnbespssossonivtnc siddteasnsssisoigvase £7.00 
80188 AMD 8 Bit High integration CPU .0.......ccesssssssssseseseeennees £20.00 
2N6282 RCA 20A Dartington - House Coded ..........cccscssesesesessees £0.50 












Cheque/PO with order. Mail Order — 
phone for details of p&p charges for 


PLEASE ADD 15% VAT TO 


















Price 
| Breakthrough! 


DC-DC 68000 


Processors 


The Signetics SCN68000 C8164 is an 8MHz 68000 cpu ina 
64 pin Ceramic DIL package. Due to its advanced design 
features the 6800 has become an industry standard in true 
16 bit processing. A scoop purchase enables us to offer this 
popular device at the unbelievable price of 


MASSIVE STOCKS 
MUST BE CLEARED 



















P&P 


GRESHAM LION SWITCHMODE 
TRIPLE RAIL SUPPLIES 
Top quality power supplies originally manufactured for a major OEM. Three outputs on 
0.156 molex connector +5V at 6 Amps « +12V at 4.75 Amps —*12V at 0.5Amps. 
Semi enclosed in an attractive black enclosure, the units are 
only £20 +£2 P&P 


supplied BRAND NEW with data. 

PAPST Fans — Type 4850 120mm low noise axial fans. 240V 
Brand New £7.00 
SPRITE FANS - 80mm low noise axial fans high performance. 
240V NEW £6.00 
FADERS -— Metal body construction. 
10K Lin 60mm Mono 
10 K Lin 45mm Mono centre stop 
100K Lin 45mm Ster centre stop 
























TTT TTI 


£10.00 


£15.00 
50 


BR 2325, 3V, 23 x 3mm. £1 

























GOULD MG5-20, 5V at 20A 
GOULD MG5-40, 5V at 40A 


CUT ae, Oe ME oi clas elif cancuebiessnonsceptesncncnschuesvnsesonsancouyaagieseyhsusnenpconeespoiprendiog 

COULD BRIEFS, SW, OE GIR siictdicnteseribs testa stress seasessconincsccvarunvessoushons nscntonteasdéilsnesiesitihaioeupees £15.00 
VMS2300, 5V at 4A, 12V at 3A. —5V at 1A. —12V at 1A wu. ssssesssessssssseeneesscensteneeese £13.00 
VMS2600, 5V at 6A. 12V at 3A. —5V at LA. —12V at IA on... eeeesesseessesnesseeneesneeneeneensenne £15.00 


VMS2800, 5V at 6A. 12V at 6A. —5V at 1A.—12V at 1A 
POWER GENERAL 4100. 5V at 20A. +12V at 1A. —5V at 1A. 
Supplied brand new & boxed with data sheet 
LAMBDA LWT-1B. 5V at 1A. +12V at 1A. Brand new miniature FET switcher, 
size 110 x 50 c 35mm. Only 
FARNELL N200. 5V at 30A. +12 V at 5A. Few only 
Other switchers always in stock. Please phone for sales or technical information on our 
wide range. 

FARNELL G30. 5V at 5A or 15V at 2A, two versions 





ELPAC SOLV 30. 12V at 4A Open frame supply. 
Brand new and boxed with data sheets 
ADVANCE PMG5-5. 5V at 5A 
ADVANCE PMG12-1.2. +12V at 1.2A 
ADVANCE PMGD15-1.2. +15V at 1.2A 
ADVANCE PMA47. Variable 0-15V at 3A 
ADVANCE PMA 48. Variable 0-30V at 3A 
COUTANT ESM15. 5V at 15A. +12V at 1.5A. 12/24V at 2A 







SRC RP RRO R ROS O ETT E THREE RESET THEE ES ERE SERS ESSOSS ESS SESS S SSE SESSESES OREO EERE 





PORTO RUPE SSO CERES E ERED HERES TERE DEE HE SES EE EER EUSOE TURES RSE SESEE SESE E EEE ES 






SANYO 103-606-2 Stepper. 2 Phase 4 pole 6V 3A 

SHINKOH 20PMA055 Stepper. 1 Phase 3 pole 28V 1.3A 

PHILIPS CONTROLS B82959 Stepper. 2 Phase 4 pole. 

14Vdc Step Angle 7.5 Deg. 27.5 Ohms/Coil 

MATSUSHITA MH 15R2C 12V Cassette Motor + regulator 

BERGER-LAHR RDM 50/8G 12 Volt Stepper Motors. 

3mm shaft. 230mA/370 per winding. Brand new stock. Only 

MOORE and REED 11MS152 11V 4phase Stepper with Portescap 80:1 reduction 
gearbox. Brand new 

DC and AC motors always in stock. 





BREADBOARDS - exciting new range of solderless proto-typing boards at affordable 
prices. 

Budget Series - 100 Tie Points — £1.70. 640 Tie Points — £5.00. 840 Tie Points — £6.50. 
Pro-Series: 400 Tie Points — £4.20. 630 Tie Points — £7.90. 1660 Tie Points — £17.80. 
PANEL METERS 600mm x 45mm. Cutout 38mm. Attractive Black/Clear plastic construction. 
Available 501A, 100A, lmA, 1A, 5A, 10A. Brand new and boxed. Only £6.00 each 
DRILLS - Pcb drills 12 Volt Pin chuck type — £6.95. 4mm adjust chuck — £7.25. 

MAINS DRILLS - high power 4mm chuck — £24.75. Drill kits — 12V drill + bits — £28.50. 
SIRENS - 12 volt Ear Piercing 115dB output. Small £9.50. Large £11.50. Ideal Car Alarms, etc. 
FERRIC CHLORIDE - Circuit etchant Granules. Approx 250g. Only £1.65 bag. 




















BSck  WEBUY COMPONENISROR CASH G50c0 Rateanimummeetata, meme One Sram COMMIT 


DIE CAST BOXES. Now available, a range of25 types of Aluminium Die cast enclosures 
in standard, and some non standard sizes. Ex-stock at highly competitive prices. 

ABS PLASTIC INSTRUMENT CASES. Featuring brushed ali front and rear panels and 
flame retardant ABS construction, these two part enclosures give any project a 
professional appearance. Available in Pacific Blue and Pale Jasmine. 

TYPE ABG. 92 x 185 x 35mm £3.95 TYPE CBU. 153 x 178 x 5Imm 
TYPE BBU. 133 x 133 x 5lmm ............. TYPE DBU. 203 x 178 x 63mm 


Please Note. This advertisement represents a fraction of our current stock. It 
would be impossible to list our vast range of electronic components and 
equipment. As a broadline distributor we have comprehensive stock of 
semiconductors (linear, logic, memory, LSI and discretes) resistors, capacitors, 
switches, opto-electronic products, connectors, potentiometers, fuses, cable, 
lamps, and new products are constantly arriving. Our technical and sales staff 
are always available to handle your enquiry. 
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TEL 01-471 9338 VIEWCOM TEL 01-471 9338 


Specialised Supplier of Digital Integrated Circuits 


4000 SERIES : 74LS15 ; 74LS161 1 74LS373 F 74HC74 ’ 74HC375—s«. 74HCT138 0. 82CBBAS 
£p t 74LS20 ; 74LS162 ; 74LS374 i 74HC75 " 74HC390 i 74HCT139 0. AY-5-8136 
0.13 : ; 74.821 } 74LS163 , 74LS375 ' 74HC76 a 74HC393 ’ 74HCT153 OO. HCPL-2630 
0.13 : 4 74L$22 p 74LS164 : 74L$377 ; 74HC77 ' 74HC423 j 74HCT154 1. HCPL-4100 
0.13 ' 4 74LS24 i 74LS165 x 74LS378 72 - 74HC85 : 74HC533 , 74HCT157_ 0. HCPL-4200 
0.13 f ’ 74LS26 5 74LS166 j 74LS385 : _ 74HC86 F 74HC540 : 74HCT160 0. ICL7673CPA 
0.35 ° i 74LS27 : 74LS168 ; 74LS386 ; 74HC107 \ 74HC541 t 74HCT161 0. MC145406P 
0.15 t 5 74LS28 i 74LS169 i 74LS390 ; 74HC109 ; 74HC573 i 74HCT175 0. UA9639CP 
0.38 : j 74LS30 2 74LS170 i 74LS393 : 74HC112 i 74HC574 «OO, 74HCT238 0. UPD7201AC 
0.24 : Y 74LS32 : 74L$173 t 74L$395 ; 74HC113 : 74HC589 : 74HCT238 
0.24 5 : 74LS33 : 74LS174 . 74LS396 ; 74HC123 sO. 74HC595 ; 74HCT240 0. 
74LS37 ; 74175 } 74LS398 ; 74HC125 74HC597 t 74HCT241 DYNAMIC RAM 5V 
74LS38 74L$181 ! 74LS399 ! 74HC126 OO. 74HC640 f T4HCT244 0. 4164B-15 
74LS40 : 74L$183 } 74LS490 ; 74HC132 OO. 74HC643 4 74HCT245 1, 4416-15 
74LS42 : 74LS$189 : 74LS540 t 74HC133 y 74HC645 3. 74HCT273 41464-12 
74LS47 j 74L$190 ‘ 74LS$541 t 74HC137 i 74HC646 ; 74HCT373_—O. 41256C-15 
74LS48 } 74L$191 ¢ 74LS624 : 74HC138 —(«, 74HC648 j 74HCT374 
74L$49 ; 74L$192 Y 74LS625 ; 74HC139 74HC658 y 74HCT390 0. 
74L$51 i 74L$193 i 74LS626 : 74HC147 i 74HC688 d 74HCT393 STATIC RAM 5V 
74LS54 ; 74LS194 . 74LS627 : 74HC151 . 74HC4002_—s«O.. 74HCT540 1, 2114LP-30 1.50 
74LS55 F 74LS195 " 74LS628 ; 74HC153 : 74HC4017_—sO. 74HCT541 «1. 2114LP-20 1.80 
741S73 : 74LS196 é 74LS629 : 74HC154 ; 74HC4020 0. 74HCT573 6116LP-2 1.70 
74LS74 : 74LS197 t 74LS640 74HC157 ? 74HC4024 sO. 74HCT574_— (2. 6116LP-3 1.70 
74LS75 4 74LS221 i 74LS641 : 74HC158 " 74HC4040 OO. 74HCT640 (1. 6264LP-15 2.40 
74LS76 74LS240 t 74LS642 i 74HC160 " 74HC4049 (OO. 74HCT643—s«1 CXK58256P-12L 13.20 
74LS77 i 74L$241 f 74LS644 } 74HC161 } 74HC4050 O. 74HCT646 
74LS78 f 74L$242 q 74LS645 : 74HC162 —O. 74HC4051 1. EPROMS 
74LS83 ) pene : 74LS668 . 74HC163 ; 74HC4052 1. MISC. & EEPROMS 
74.S85 j 74LS244 , 74LS670 : 74HC164—(O. 74HC4053—s. : 
74LS86 ‘ 74L$245 0: 74L$673 3. 74HC165 0. 74HC4060 0. COMPUTERIC’S Device PGMV 
74LS90 : 74.247 , 74LS674 : 74HC166 0: 74HC4075 (OO. £p 27256-25 
7491 f 74L$248 : 74LS682 ; 74HC173—(O. 74HC4078 (O. 1488P 0.65 12.5V 3.75 
74LS92 i 74LS249 i 74LS683 : 74HC174 : 74HC4511O. 1489P 27C256-15 
74LS93 : 74LS251 ; 74LS684 ? 74HC175—s« 74HC4514 1. 14C88N : 12.5V 5.60 
7A4LS95 : 74LS253 : 74LS685 : 74HC190 i 74HC4538 14C89AN i 270256-25 
74LS96 ' 74LS256 ; 74LS686 i 74HC192 i 74HC4543 6522P : 12.5V 5.20 
74LS107 32. 74LS257 ; 74LS687 . 74HC193 OO. 6802P ; 270256-25 
74LS109 ? 74L$258 : 74LS783 y 74HC194 OO. 6809P r 21V 5.20 
74112 ; 74LS259 ; 74LS785 : 74HC195 sO. 6821P t 27C256-30 
74LS113 . 74LS260 : 74HC237 ‘ 68B21P , 21V 5.20 


- 74HC240 6840P hs Li 


74LS114 0. 74LS266 
74LS122 0. 74LS273 sO. 74HC SERIES 74HC241 (0. 74HCTOO 0. 6845L , 12.5V 13.65 
74LS123 ’ 748279 0. fp 74HC242 sO. 74HCT02 0. 7130L-100P X2864AP-35 16.95 


74LS125 i 74LS280 74HCO00 0.14 74HC243 ¥ 74HCT03 F 74ACT874P $ CR 
74L$126 0. 74LS283 0, 74HCO2 0.14 74HC244 0. 74HCTO4 0: 75176AP YSTALS 
74LS132 3 74LS290 5 74HC03 0.14 74HC245 J 74HCTO8 i 80C85A-2RS 32.768KHz 
74LS133 i 74LS293 y 74HC04 E 74HC251 ‘ 74HCT10 80C86AL-2 . 2x6mm 
74LS SERIES 74LS136 3 74LS295 . 74HCU04 ; 74HC253 i 74HCT11 $ 82C54P 8MHZ ig 3MHZto 
£p 74LS137 4 74LS298 E 74HCO5 , 74HC257 y 74HCT14 : 82C59A-2RS R 18MHZ 
74LS00 0.14 74LS138 74LS299 F 74HCO8 74HC258 ‘ 74HCT20 
74LS01 0.14 74LS139 : 74LS321 ; 74HC10 74HC259 74HCT21 
74LS02 0.15 74LS145 ’ 74LS322 i 74HC11 ; 74HC273 ; 74HCT27 J 
74LS03 0.15 74LS147 ; 74LS323 A 74HC14 : 74HC280 : 74HCT30 : PLEASE PHONE FOR ITEMS NOT LISTED 
74LS04 0.15 74LS148 " 74LS324 5 74HC20 74HC299 F 74HCT32 5 PLEASE ADD 70p P&P and 15% VAT. Govt., 
74LS05 0.15 74LS151 b 74LS347 q 74HC21 74HC354 .! J4HCT42 A Colleges etc. orders welcome. Quotations 
74LS08 0.15 74LS153 ! 74LS348 . 74HC27 74HC356 B 74HCT73 Jo given for large quantities. We supply only 
74LS09 0.24 74LS154 é 74LS352 B 74HC30 74HC365 A 74HCT74 F brand new components. 
74LS10 0.15 74LS155 F 74LS353 . 74HC32 74HC366 5 74HCT75 . Stock items by return of post. 
74LS11 0.15 74LS156 G 74LS365 74HC42 74HC367 . 74HCT85 ‘ Ordersto: VIEWCOM ELECTRONICS 
74LS12 0.15 74LS157 i 74LS366 5 74HC51 74HC368 . 74HCT86 \ 77 Upperton Road West 


741813 0.28 74LS158 0: 74L$367 0. 74HC58 74HC373 «OO. 74HCT123 0. , 
74L$14 0.15 74LS160 0. 74LS368 0. 74HC73 : 74HC374—s«O. 74HCT132 0. Plaistow, London E13 SLT 








13p 74LS38 74LS243 60p 6810 75159 7815 1 | © 
ip sn Tsay sa IM Tey en eCcuUrOnics 
32p 74LS42 74LS245  50p 6820 75161 7824 > 
80p 74LS47 74LS247 50p 6821 75162 7905 
ap. 74.S51 7alS249 820. gous es me 
7 1 6845 75182 
58 741554 74\S251 300. 6850 ca 7 KIT-MODULES-HARDWARE 
en bays 74LS253 350 8080A 75188 7924 QQ, 
74LS73 28p 741S256  60p 8085A 75189 78L05 . 
38p 741875 28p 741258  42p._ 8156 75322 78115 10-Channel variable speed running £7 "icy 
32p 74LS76 28p 7415259 58p. 8iLS95 75324 78L18 li Kit. dri LED’ Mai <9 
aa 7578 Bp 7415260 HBP BIL506 75325 bed ght Kit, drives s or Mains Vi 
P 74LS266 28p 81LS97 75365 145p 79105 Bases rr i 
60p 741885  45p 7418273 S2p_BiLS98 siya et lamps — plus 2-FREE LED display 
33p 741886 -30p-741S279 40 75451 42p 79115 . boards and LED lamps. 
70p 74LS90 32p 74LS280 40p 75452 42p 7818KC 
i. sae 75p 74LS283 60p 75453 65p 7824KC 
4LS92 38p 74LS290 30p 75454 | 
to fast Mp ruses) eh ae Gee The following are examples of our proven product designs 
P 74LS365 37p 75491 : : ° | 
T5p 741896 60p_741.$366 A ean * High quality touch dimmer 500W R/Built .......scsscsccsecsesseessesesseeees £12.99 
7Sp 7418107 = 32p_ 74.8367 8126 95p M723 * Selectable Tone Generator 9/12 Volt .....ccssscecssesessesssseeesseesereee: SOOO 
on 74LS109 3p 74LS368 8728 110p 78HGKC 
ee ee ee 8731 330p 78HOBKC * 3 Note Electronic Door Chime unit; 9 volt operation, 
60p 38p 74LS113 32p 74LS374 8795 90p 78H12KC : i j 
> ~ msi = 74LS375 8196 —»-110p_78GUIC 3 melodious tones; variable frequency. Kit.............ccscesesseseeeeees £9.83 
84LS390 <a : : 
35 oe SaaS ieee pi td ape * Miniature FM Transmitter; 60-145MHz. Kit.............cccescseeseeeseseses £6.95 
¥ 50p 741124 8p 741 S399 R/Built ....... Tix ascpusecennieesien ibiacVanstestarcstbrapscnenanks yA i ee Net savsnsesheeOO 
40p 7418125 36p 74LS629 Ze) mw Ve} = y f 
~ “ 7418126 _36p 741641 REGULATORS * 3 Watt FM Transmitter, 80-108MHz. Kit......... SRO A na Ge £13.99 
74LS132 74LS642 : 
80 pga = Se sc 7s me R/Built seosununssescennenanasnsscennnannassstenncannnssecesennasts SFE Fe aa AE secesseeeseseesf LOO 
pong 52p 7418136 3p 74L S645 * 300 Watt Light Dimmer unit for 240 volt mains lights. Kit ......... £6.95 
180p 80p 741$138 35p 74LS670 eae ? 
75p 190p 7419139  35p 741674 * 4 Code Digital Code unit plus Key Pad—select own 
8 29p 7418145  83p 74LS687 = -270p_Ay3-1015 400MV code; 9 volt. Kit............ SEA ho uga ths Sou sli boveedekdodec ohesblidineadioagetcaione ee Rap Ss £15.95 
9p 38p 7415147 120p eee AY5-3600 BZY88 RANGE j 
~ 190 7a.si48 90 MMMM sPO2S6AL2 pala * 5-100 Watt Electronic Loudspeaker Overload 
30p SOP 7418151 Sp ‘ ZB0ACPU PYOtGestar, MCABtA OO. Bat scsi. gskivacesccs acsuctogeessovsansesceccccescccssevpace eek 
30p 74LS153 40p 2114 Z80BCPU 1.3W aie : 
ond 42p et ee Z80ADMA B2X61 RANGE * VU Meter 10 LED indicator; —5 to +12dB range. Kit.................£12.59 
aa 721s SERIES [bmedbed _ 2732 2208P10 ee * Automatic light controller; automatically turns on and off 
joey eaviend ag nc LED lights at pre-set times and triggered by darkness. Kit............ £25.08 
= be 74.8160 27064 Z80ASI0 pease, * Mains Wiring and Metal Detector. R/Built..............:::cssceeeee++ £11.00 
2 nist 7ats162 7725628 400» Z80ASI02 LED 3mm GRN * Zenith Speech Processor P-202 R/Built ....csssecssssssssssssssssssssessseee £25.00 
pager aes 41256-15 Z80ADART LED Smm RED * 18-Watt Car/Home Power Amp. 12-V. Kit .........ee seseeeeereeeee £13.23 
4LS164 256DRAM 74S188 LED 5mm YEL * +f : * a: 
a7 ee 741165 4116 748189 LED 5mm GRN Amplifier Power Meter; 10 LED indicator from 
74LS166 4164 748201 -25- — i j 
sap 74.S10 oa ee a — 0-25 100 Watt Input—9 volt operation. Kit sesstennnneeeennscennnnsecesnaes »--- £9.52 
S2p 74LS11 74LS169 6264-15 745288 LISTED HERE AS WE ARE HOLDING * Light sensitive relay unit; variable sensitivity trigger 
40p 74LS12 74L$170 6502 74S289 ARE GEN FOR MARGE QUANTITIES . j i 
Sap 741813 7418174 eso2A facies pose sabi inca abi control; senses light or dark—selectable. Kit.................... vsevee1- £8.45 
20p 74LS14 74LS175 65C02 75107 Govt. Colleges, etc. Orders accepted. e 
se 74L$190 6503 75108 peg mew i z, inp a pgs ALL KITS CONTAIN FULL INSTRUCTIONS: P.C.B.s AND COMPONENTS. 
msi 7asi91 e520 75109 All brand new Components. ALL PRICES INCLUDE VAT AND POSTAGE & PACKING. SAE. For 
ot lake Bie). N 7 Q 
74L$22 74.8193 ps pt OVERSEAS ORDERS—ADD 10% TO ABOVE PRICES. _ FREE 


74LS24 74L$194 6532 75113 GRANDATA LTD 

741826 ne ti = 7en13 ANDATA I PLEASE SEND CHEQUE OR POSTAL ORDERS WITH ORDER. Sa Rer yi 

74LS27 74LS196 6551 75115 PRESTON ROAD, 

74LS28 74LS197 6800 75121 WEMBLEY, MIDDLESEX, 

74LS30 74.$221 6802 75122 ENGLAND 

74LS32 74LS240 6803 75150 Phone: 01-904 2083 & 904-1115/6 

74LS33 Telex No: 932 885 (Sunmit) 

74LS37 7ALS241 6808 75154 Access & Barclaycard accepted. 
3 74LS242 6809 75158 Open Monday to Saturday. 





Hailsham, E. Sussex, U.K. BN27 1AE. 
Tel: 0323 847973 Telex: 878334 
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MONEY FOR NOTHING — 
BUT THE CHIPS AREN'T FREE 


The inevitable price of financial speculation is a market collapse. es 
The ultimate victim is manufacturing — the process by which real : 
wealth is created. Big firms are amalgamating in the struggle to 
survive. 









REPORT BY 
TOM IVALL 
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MARKET AND OWNERSHIP 
CHANGES 


F anything were needed to illustrate 

my remarks in August 1987 about the 
domination of use value by exchange 
value, you wouldn't find a much better 
example than the world-wide stock 
market crash in October. All electronics 
firms listed on the Stock Exchange were 
affected. Take Racal Electronics, for 
example. Between 16th and 28th 
October this enterprising company did 
nothing to worsen its own trading posi- 
tion and prospects. If anything, with the 
Racal-Vodafone cellular radio business 
pulling in more subscribers than expec- 
ted, the company was on an upward 
swing from the low point it had 
experienced in 1986. Yet between those 
two dates — less than a fortnight — the 
capital value of Racal Electronics, as 
judged by the share market, fell by as 
much as 40% (the share price dropping 
from 330p to 198p). 

This was patently absurd. In less than 
two weeks the use value of all Racal’s 
products and services, its factories and 
capital equipment, couldn't possibly 
have changed so _ drastically. The 
exchange value of the company’s shares 
was clearly way out of touch with reality. 
Either the initial valuation was unreal- 
istically high or the later price was 
unrealistically low. Perhaps by the time 
this report appears some degree of 
stability will have emerged. 

How can such a crazy situation occur? 
Because the people who buy and sell the 
company’s shares, whether _ solid 
investors like pension funds and 
insurance firms or opportunists out for 
quick buck, simply do not understand 
the electronics business carried on by 
the company and its relationship to the 
world at large. In fact these people are 
not interested and don’t care. When they 
see share prices going down generally 
for some external reason, they simply 
follow the herd and sell their shares in 
the company to recover their money, 
quite regardless of any sensible assess- 
ment of the company’s true worth. Lack- 
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ing knowledge, they are guided by 
nothing more reliable than the primitive 
emotion of fear. 

When this process is repeated many 
times with numerous companies and 
investors, all looking over their 
shoulders at each other, it becomes a 
self-maintaining panic. And nowadays 
such a drop in share prices is accelerated 
electronically by world-wide data 
communications and programmed trad- 
ing based on computers. Chancellor of 
the Exchequer Nigel Lawson was driven 
to comment to members of the Stock 
Exchange: “The electronic automation 
and globalisation of the herd instinct is 
not a pretty sight.” | 

If the industry could simply sit tight 
and ignore such wild swings in its share 
prices everything would be fine. But 
unfortunately a drop in market value not 
only has a bad psychological effect but 
also reduces a firm’s ability to raise 
money for capital investment and 
increases its vulnerability to a hostile 
take-over. 

Talking of which, just before the stock 
market collapse Racal was reported to 
be considering a take-over of Ferranti. 
If this rumour were true it wouldn't be 
at all surprising, as Racal has conducted 
a consistent policy of expansion by 
acquisition over the years. It has 
purchased a whole series of small and 
medium-sized compaies, including such 
well known names as Chubb, Decca 
Navigator and Dana Instruments. But 
so far it has failed to swallow up any of 
its major competitors in general elec- 
tronics and communications. 

Meanwhile, in other parts of the play- 
ground or jungle (according to your 
point of view) there have been some 
quite substantial shifts in the pattern of 
ownership. Not only Racal but STC as 
well was said to be considering a take- 
over bid for Ferranti. In the event, 
Ferranti itself took over the American 
company International Signal and 
Control and thus made itself even bigger 
in the field of military electronics 
manufacturing. As a result of this merger 


the combined companies had a capital 
value of some £1 billion before the stock 
market collapse, with annual pre-tax 
profits of about £100 million. Thus it 
seemed that Ferranti thwarted any 
possible take-over by making itself too 
big and expensive to be swallowed by 
the likes of Racal or STC. 

Although STC was founded in Bri- 


tain, for several decades it was virtually 


under the control of the American giant 
ITT, which held a majority shareholding. 
In recent years, however, ITT has 
reduced its stake to only 24% so that 
STC has become predominantly British 
again. But now this remaining 24% has 
been bought by the Canadian firm 
Northern Telecom, which has also added 
a further 3.8% by purchasing STC shares 
on the stock market. 

A positive development for Plessey 
has been an agreement between it and 
GEC to merge their telecommuni- 
cations equipment manufacturing activi- 
ties in a new, joint-venture telecomms 
company. By the time this report appears 
the new firm may well be in business. 

You may recall that in early 1986 I 
reported on GEC’s attempt to take over 
Plessey with an offer of £1.18 billion. The 
reason given by GEC was that they 
wanted to make themselves bigger in 
telecomms manufacturing in order to 
compete better in world markets. At the 
time GEC was 11th in the international 
telecomms league table and Plessey 
about 14th. As things turned out, the 
Government banned the proposed take- 
over on the advice of the Mono-polies 
and Mergers Commission. How-ever, 
although Plessey had rejected the GEC 
bid, they did say at the time that they 
would be willing to co-operate with GEC 
solely on the manufacture and 
marketing of telecomms _ switching 
equipment — notably System X. This 
proposal now seems to have come to 
fruition. It will give the UK a stronger 
foothold in the world telecommunica- 
tions market, though the new company 
will still be only the eighth largest 
manufacturer in this field. Pr | 
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Are you looking for a secure shore-based job which offers 
a rewarding career in the forefront of modern Tele- 
communications technology... then consider 


__ joining GCHQ as a Trainee Radio Officer 







































Training involves a 32 week residential 
course, (plus 6 weeks extra if you cannot 
fouch type} after which you will be 
appointed RADIO OFFICER and undertake 
avariety of specialist duties covering the whole 
of the spectrum of DC to light. 
We offer you: Job Security -Good 
Career prospects - Opportunities 
for Overseas Service : Attractive 
"= Salaries - and much more. 
2 lobe eligible you must hold or hope 
to obtain an MRGC or HNC ina 
Se ® Telecommunications subject with an 
NZ obility to read Morse at 20 wpm. 
— - (City and Guilds 7777 at advanced 
level incorporating morse transcriptionwould be advantageous}. Anyone 
with a PMG, MPT or 2 years relevant radio operating experience is also eligible. 
The Civil Service is an equal opportunity employer. 
Salaries: Starting pay for trainees is age pointed to 21 years. For those aged 21 
or over entry will be at £7,162. After Training an RO will start at £10,684 rising by 5 
annual increments to £15,753 inclusive of shift and weekend pb allowance. 


i Write or telephone for an application 


ime 
a * form to:— 


— 


THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108 
PRIORS ROAD, CHELTENHAM, GLOS GL82 5AJ 
OR TELEPHONE (0242) 332912/3 












PRACTICAL 


DON’T MISS A 
VITAL COPY! 


| 
Ever been in the middle of a | 

project only to find the next 
issue sold out? An annual | 
subscription to PRACTICAL | 

ELECTRONICS solves the 

problem. | 
| 











Annual Subscription Rates 
U.K £ 


x. 15.00 
Overseas £18. 
Students: Deduct £1 and quote 
Student Number 


Wherever you live you'll 
receive a copy regularly each 
month. It’s the quick, practical 

way to solve the delivery 


Complete this form and 
post it, with payment 
to: Practical Electronics 


problems. Subscriptions Dept. 
COMPLETE AND POST PO Box 500 
THIS ORDER FORM Leicester LE99 OAA 
TODAY! 


You may send a photocopy 
of this form. 


readers please add £2.) 
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ELECTRONIC 


BACK NUMBERS, COPIES AND BINDE 


We can usually supply copies of back issue of PE up to three years 
old. These are £1.50 each including postage £2.00 for overseas readers). 
If we no longer have the issue needed, we will be pleased to send a 
photocopy of the article for the project that you want to build. These 
are £1.00 each per issue, including postage (£1.50 to overseas readers). 


We also have the latest binders available for PE, each holding twelve 
issues. Embossed in gold with the PE logo, they will make a handsome 
addition to your technical library as well as keeping your magazines in 
mint condition. They are available at only £5.95 inc. p&p. (Overseas 


REMEMBER SUBSCRIBING TO PE AVOIDS FUTURE DISAPPOINTMENT 


PC CASINGS 
OEMs/TRADE WELCOME 


SOFTMACHINE DISTRIBUTION LTD 
UNIT F25, HARBET ROAD, EDMONTON 
LONDON, ENGLAND, U.K. N18 3LR 
NEW TLX: 9312100158 - TD G 


Office Hours: 10.00am-6.00pm 


Tel: 01-807 7644 
Fax: 01-807 2748 
(25 1) 


ne 


SOFTMAcH 


DISTRIBUTION LTO 


ATTENTION 


Component buyers : Service engineers 
Manufacturers : Project designers 
Also hobbyists 


SAVE TIME! SAVE MONEY! 


We offer one of the largest ranges of semiconductor and 
passive components at low low prices! Also we are able 


to supply types from any major manufacturers 


SO RING 01-965 5748 


Next time you require components whatever the quantity 
you will be amazed at our service and prices!! 


PRICE LISTS SENT FREE IF REQUESTED. 


OMEGA ELECTRONICS 252A HIGH ST, 
LONDON NW10 4TD 


SUBSCRIPTION 
ORDER FORM 





POST COPIES TO 
NAME 


ADDRESS 


POST CODE 


| enclose my cheque/PO payable to Intra Press for 
Please Note: Subscriptions cannot be ordered by phone 


Signature 


RS 
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CLASSIFIEDS 





FULL-TIME 
AU e 
COURSES 


2 YEAR 
BTEC National Diploma (OND) 
ELECTRONICS AND 
COMMUNICATIONS 
ENGINEERING 


(TV, Computers, Programming, IT) 


1 YEAR 
BTEC National Certificate (ONC) 
ELECTRONIC EQUIPMENT 


SERVICING 
(TV, Video, CCTV) 


COMPUTING TECHNOLOGY 


(Microprocessors, DataComms, Interfacing) 


INFORMATION TECHNOLOGY 


(Telecomms, Satellite TV, CD, Networks) 


SOFTWARE ENGINEERING 
(Assembler, BASIC, PASCAL, CADCAM) 


COURSES COMMENCE 
Monday 25th April 1988 


LONDON ELECTRONICS 
COLLEGE 


Dept: AA, 20 Penywern Road, 
London SW5 9SU. Tel: 01-373 8721 


Special Offer List Feb 1988 


Computer grade capacitors with screw terminals 
*58000uf 60v 3.50 *39000uf SOv 3.00 
4700uf 63v 1.50 87000uf 10v 1.50 
38000uf 20v 1.95 68000uf 15v 2.07 
Sterio LW/MW/FM tuner pre-amp panel with circuit 
diagram and description setting up procedure etc. 
Brand new 5.95, faulty return 1.95 
5 digit 6v electromagnetic counter 2.95 
240v ac 3 digit resetable counter 1.50 
stepping motor 8.95 SAA1027 driver chip 3.95 
LNE mains suppressor 2x5nf+ 100nf 0.55 
Motor Start Capacitors 1.5uf 440 vac 1.50 
40 uf 370vac 5.95 4uf 250vac 1.60 
axial polyester capacitors 
6n8 400v C296 style 
0.22 uf 250v SEI 
0.033uf 250v ac Plessy 
0.047uf 250v ac Plessy 
0.13uf 250v ac Plessy p 
Qwerty Keyboard 58 key uncased 
TV type thermal cut out 1.6 and 0.45A 
100dB piezo buzzers 1.50 std piezo buzzer 
miniature FM transmitter 100—-108Mhz 
oval 8 ohm speakers 136x70mm 
solar cells 0.45v 100mA 1.48 700mA 
pocket autoranging multimeter with 
clock 
19 way extra flat ribbon cable 
Used 27128 EPROMs only 
LCD display 16 digit 7x5 dots 
Resistors 0.25w 5% Ip 1% 
Leds red/green 3/5mm 6p each Yellow 
CMOS TTL 74HC 74F Linear Transistors Kits 
capacitors resistors tools etc always in stock 
callers welcome VAT included 
please add 75p postage and packing per order 
plus 50p extra per item indicated by a ”’*” 
All Parts brand new and unused unless stated 


JPG Electronics 276 Chatsworth Road 
Chesterfield S40 2BH Access (0246) 211202 


5.00/1000 
25.00/1000 
25.00/1000 
25.00/1000 
50.00/1000 


DISKS — CF2, Maxell @ £1.90 
3.5” DS, unbranded @ 85p 
5.25” DS, 96 tpi unbranded @ 35p 
D connectors, 25W plug, socket or shell” 73p 
DIN plug or socket 5/6/7 way @ 22p 
Leds 3 or 5 mn, red, green, yellow ” 9p 


Prices include p&p, please add VAT @ 15% 
Access card accepted, tel: 0689 22196 


_ T: Systems Ltd, The Signal Cabin, 
6 High Street, Orpington, Kent BR6 OJF. 
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Carbon Film Resistors “4W E24 series 0-51R to10M0 - 1p 
100 off per value- 75p 1000 off in even hundreds per value — £7 
Metal Film Y«W 10R0 to 1M0 5% E12 series — 2p 1% E24 series — 3p 
YWatt metal/carbon film E24 series 1RO to 10M0 — 1%”ap 
1 Watt metal/carbon film E12 series 4R7 to 10M0 — 5p 
BC107/8/9 — 12p BC547/8/9 — 8p BC182L 184L — 10p 
BFY50/51/52 - 20p 2N3055 - 50p TIP31A,32A — 25p TIP,41,42, - 40p 
Tantalum head subminiature electrolytics (Mids/Volts) 

0-1/35, 0:22/35, 0-47/35, 3-3/16, 4-7/16 — 14p 47/35 - 15p 
2:2/35, 47/25, 10/5-15p 4-7/35,6/8/16-16p = 10/16,22/6 - 20p 
22/16 — 30p 33/10 — 30p 47/10 - 35p 100/6 — 40p 
Aluminium Electrolytics (Mids/Volts) 

1/50, 2:2/50, 4-7/25, 4:7/50, 10/16, 10/25, 10/50 — 5p 22/16, 22/25 — 6p 
22/50, 47/16, 47/25, 47/50-6p 100/16, 100/25-7p  100/50-12p 
100/100 — 14p 220/16 — 18p 220/25, 220/50 — 10p 470/16, 470/25 — 11p 
1000/25 — 18p 1000/35, 220/25 - 22p 4700/25 — 70p 
Miniature Polyester Capacitors 250V Wkg. Vertical Mounting 

‘01, 015, 022, 033, 047, 068-4p 0-1—5p 0-15,:22-6p 0-47 - 8p 
Mylar Capacitors 100V Wkg. Vertical Mounting E12 Series 

1000p to 8200p-3p 01 to-068-4p 0:15p 0:15,0:22-6p 
Subminiature Ceramic Plate 100V Wkg. E12 Series Vertical Mounting 
2%o 1P8 to 47P-3p 56Pto330P-4p 10% 390P to 4700P - 4p 
Ceramic plate/disc E6 Series 50V 22P to .047 - 2p 

Polystyrene Capacitors 63V Wkg. E12 Series Axial Mounting 

10P to 820P - 3p 1000P to 10,000 — 4p 12,000P — 5p 
1N4148-2p 1N4002-4p 1N5404-14p WO! bridge -25p 
0A91 - 6p AA143 - 8p W005 — 20p 1N4006 — 6p 
Zener diodes E24 series 3V3 to 33V 400mW - 8p 1 watt — 12p 
L.E.D’s Red, Green & Yellow 3mm & 5mm — 10p 8mm — 35p 
20mm fuse 0:1A to 5A quick blow — 5p Anti Surge — 8p 
High Speed drills 0:8mm, 1:0mm, 1:3mm, 15mm, 2mm —- 25p 
Expo Reliant drilling machines 12V d.c. with improved 3-jaw chuck 6.50 
Nicads AA — 80p HP11 — £2 PP3 — £4.20 Universal Chargers — £6.50 
Glass reed switches single pole make contacts—8p Magnets—12p 


VAT inclusive. Return postage 20p (free over £5). Lists free. 
THE C.R. SUPPLY CO., 


127 Chesterfield Road, 
Sheffield S8 ORN. Tel. 557771. 


TURN YOUR SURPLUS 


ICS transistors etc into cash, immediate 
settlement. WE also welcome the 
opportunity to quote for complete factory 
clearance. Contact: 
COLES-HARDING & CO. 
103 South Brink, Wisbech, Cambs. 
ESTABLISHED 15 YEARS 
Tel: 0945 584188 
Fax: 0945 588844 














ELECTRONIC 
COMPONENTS 


@ Velleman Electronic Kits 
e Test Equipment & Tools 
e /nstrument Cases 


(Mon-Sat. 9.30-5.30 Closed Thurs) 


13A Station Rd, Cullercoats, North Shields, 
Tyne & WearNE304PQ._ Tel.091251 4363 


SCOPES 


Repaired and recalibrated. All makes — all models. 
Nationwide collection and delivery. Copies of 
handbooks and spares for most popular models 
including golden oldies. 


Phone 
Mendascope Ltd 069-172 597 














THE SCIENTIFIC WIRE COMPANY 
811 Forest Road, London E17. Telephone 01-531 1568 
ENAMELLED COPPER WIRE 
SWG 2 oz 
8 to 34 5 A ; 0.88 
35 to 39 : ; i 0.93 
40 to 43 ‘ ; . 1.61 
44 to 47 ; ; F 2.75 
48 15.96 9.58 6.38 3.69 
SILVER PLATED COPPER WIRE 
14 to 30 10.10 5.20 2.93 1.97 
TINNED COPPER WIRE 
14 to 30 3.97 2.41 1.39 0.94 
Post Free. Please add V.A.T. at 15%. Orders under £3.00 add 50p 
SAE for list of copper and resistance wire. 
Dealer enquiries welcome. 


CLASSIFIED RATES 


20p per word (minimum 12 words) 
£9.50 per single column centimetre 
(+VAT) 


Send in your classified ad. with payment 
to PE Classifieds, Intra House, 193 
Uxbridge Road, London W12 9RA 





VISIT THE SUNNY SOUTH COAST 


It’s worth it to see the 
biggest display of 
ELECTRONIC COMPONENTS 
in the South 


FRASER ELECTRONICS 


42 ELM GROVE - SOUTHSEA - HANTS 
COME AND BROWSE BEFORE YOU BUY 


Access Barclaycard 


OMNI ELECTRONICS 


stock a wide range of 
electronic components at 
174 Dalkeith Road 
Edinburgh EH16 5DX 
Tel: 031 667 2611 
situated midway between 


Commonwealth Pool 
and Cameron Toll 












QUALITY HAND TOOLS 
Genuine, original Micro-Shear™ Side Cutters, 
Pliers, Screwdrivers, Nut Spinners, etc., etc. 
at Competitive Prices. S.A.E. for listing 
to; Quinton Tool Supplies, Dept. PE, 52 
Grayswood Park Road, Birmingham, West 
Midlands B32 1HE. 





SURPLUS/REDUNDANT ELECTRONIC 
COMPONENTS WANTED 


|/Cs — Tuners — Transistors — Valves — Diodes 
etc. any quantity considered — immediate 
payment. 

ADM ELECTRONIC SUPPLIES 


Tel: 0827 873311 











SERVICES 


Free Membership to a new national electronics club. For 
details and a free pack of components worth over £10 send 
only £1 p&p to Dept PE Woodside, Dowsett Lane, Ramsden 
Heath, Billericay, Essex CM11. 


MISCELLANEOUS 


CIRCUIT BOARDS for your design. Also artwork 
production from a circuit diagramme. Send designs 
to: Q.E.D., 6 Totternhoe Road, Dunstable, 
Bedfordshire LU6 2AG. 


MAKE YOUR OWN PCBs the easy way — TEC-200 
— used extensively in USA and Europe — now 
available in UK. Single Sheet (A4) — 80p; 5 Sheets 
— £3.90; 10 Sheets £7.60. Phone: PDQ ASSOCIATES, 
(0452) 42336, FOR DETAILS. 


Video Sender £13.90, Television Aerial Booster 
£8.70, Decoupled Splitter £3.50. Leaflets, E.M.O. 
070 683 3036, 24 hr. 


Printer Circuit Boards need 100 off...or just one? 
You can send the Artwork (1:1, single sided) for 
your boards or let me work, at little extra cost, from 
your own drawings. Enquiries: WATLING WIRES 
PCB Production, 52 Watling Street, Nuneaton, 
Warwickshire, CV11 6JL orTelephone (0203) 382296 


‘Surveillance devices, lasers, testla coils, scramblers, 
ultrasonic and many more, over 150 designs send 
sae to Plancentre, Old Wharf, Dynock Road, 
Ledbury HR8 2HS’ 
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PE PCB SERVICE 
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READY-MADE 
P.c. BOARDS 


Simplify your project assembly — use a ready-made printed 
circuit board. All are fully drilled and roller tinned. Just slot 
in the components as shown in the project texts, and solder 
them. PCBs are the professional route to project perfection. 


MAIL ORDERING 


Select the boards you want, and send your order to 
PE PCB SERVICE, PRACTICAL ELECTRONICS, 
193 UXBRIDGE ROAD, LONDON W112 9RA. 


Prices include VAT and postage and packing. Add £2 per board 
for overseas airmail. Cheques should be crossed and made 
payable to Intra Press. 

Quote the project name and PCB Code Number, and print 
your name and address in Block Capitals. Do not send any 
other correspondence with your order. 


TELEPHONE ORDERS (OPEN 24 HOURS) 


Use your Access card and phone your order to 


0268 289923 
clearly stating your name and address, card number, and 
order details. 
All orders receive priority attention, but allow 28 days for 
delivery in case a PCB is temporarily out of stock. 


WE CAN ONLY SUPPLY THE PCBS LISTED HERE 


CHECK LATEST ISSUE FOR 





PRICES BEFORE ORDERING 


PHOTOCOPIES OFTHE TEXTS MAY BE BOUGHT FROM THE 
EDITORIAL OFFICE AT £1.00 EACH PART (£1.50 OVER- 
SEAS), P&P INCLUSIVE. 

COMPONENTS ARE AVAILABLE FROM ADVERTISERS. 










MAY 86 
NOTCHER EFFECTS — unusual harmonics. 107 
TTL LOGIC CHECKER - for 14 and 16 pin chips 
DF BEACON TIMER - accurate navigation aid. 


JUN 86 


£5.99 
















visual feedback. 114 =£3.90 


JULY 86 
PASSIVE IR DETECTOR - burglar detection 115 
| 200MHZ COUNTER - professional specification 00D 
SEP 86 

FIBRE-OPTIC LINK —computer comms. 
OCT 86 








£3.90 
£30.88 












ODE £10.14 











MAINS DIMMER - touch control up to 400W. 123 = £3.90 


NOV 86 
REMOTE JOYSTICK — infrared computer 
controller. Set of 2 PCBs. 

BABY ALARM - through-the-mains transceiver. 
DEC 86 / 
VIDEO ENHANCER - manually adjustable 

video improvement. 126 
JAN 87 : 

VIDEO FADER - simple inexpensive video mixer 127 
| VOICE SCRAMBLER -— confidential trans. 128 











124 £10.86 
125 £10.71 










£8.76 













£4.50 
£8.06 
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FEB 87 
HI STAB — good variable workshop PSU 


MAR 87 

4 CHANNEL ENHANCER - adapts stereo to 

4 channels 

LIGHT PEN - uses fibre optics for high 

accuracy 

PHONE REPEATER - extra bell interface 

ULTRASONIC TAPE MEASURE - resolution 

to one centimetre 

APR 87 

VIGILANTE CAR ALARM - keeps cars alert to 

intruders 139 =. £5.90 
INDUCTIVE LOOP TRANSCEIVER — remote 
control for models: 

MAY 87 

BRIGHT FUZZ -— Foot operated overdrive 
JUN 87 

AUDIO SIGNAL GENERATOR - uses 
frequency synthesising techniques 

JUL 87 


WORD GENERATOR - produces binary words 
of up to 16 bits 


143/144 = £7.80 


146 £10.20 


SEP 87 


GUITAR TRACKER - transforms a guitar for . 
| sound synthesis. lll = £6.98 SPEECH PROCESSOR — clarifies transmitted 
THERMOCOUPLE INTERFACE - transforms a speech quality Le 
DVM into a thermometer. 112 £3.90 GCSE TIMER UNIT- versatile variable delay 
BBC LIGHT PEN - inhibiting, enhancing and AWD and switching 


FUNGEN - triple waveform signal generator 
LIGHT CONTROLLER -— delayed switching 


OCT 87 

TEACHER LOCKER - digital lock control 
POWER SUPPLY- stabilised +15V 
GUITAR TO SYNTH — music interface 


NOV 87 
DUAL POWER SUPPLY- GCSE 158 £6.20 


D YNTHESISER - variable d ic 

ase eiedae oe mo fe MIDI EXPANDER - Music Interface 159 £5.04 
MAINS DELAY TIMER - selectable 15 to DEC 87 

120 mins. Set of 2 PCBs. 122 £7.92 RS 232C TO MIDI 160 £6.43 


TEACHER RADIO- GCSE 161 £5.58 
JAN 88 
EGG TIMER 
LEGO BUGGY DRIVER 163 


162A-C £12.44 
£6.42 





THIS MONTH’S BOARDS 










FEB 88 
TEACHER TALKBACK — GCSE 164 £6.36 
DC MOTOR SERVO 165 =s—«& 53 








PRACTICAL ELECTRONICS FEBRUARY 1988 


YOUR ED'S FEELING 
GENEROUS AGAIN - WITH 
THE HELP OF CONNEXIONS! 





THIS SUPERB 
CONNEXIONS CX8520R 
SATELLITE TV RECEIVER 
AND DISH COULD BE 
YOURS FREE JUST BY 
ANSWERING A FEW 
SIMPLE QUESTIONS. 


The Connexions' CX8520R receiver 
was reviewed by What Satellite 
magazine in December 1987 and 
concluded to be a best buy luxury 
system. 


Included in the system are a powerful 
1.2 metre offset signal receiving dish 
complete with twin low noise blocks 
and automatic motor drive, full infra 
red remote control, twin channel 
sound output and audio bandwidth 
video tuning plus selective channel 
lock out. 





Closing date for entries is 29th Feb 1988 
The winner will be announced in the May 
issue of PE on sale from April 8th. 
The Editor's decision is final. 






12 month's subscription to PE 
will be awarded to the 
first three runners-up. 


PRACTICAL ELECTRONICS FEBRUARY 1988 





WIN A 
SATELLITE 


TV SYSTEM 





WORTH OVER £1200! 


PRACTICAL ELECTRONICS 
ENTRY FORM 
SEND TO THE EDITORIAL ADDRESS 
ON PAGE 9 
1) When did Marconi first transmit a radio 
message across the Atlantic? 


2) When was the integrated circuit first 
introduced (by Texas Instruments)? 


3) When was PE first published? 


4) Why do you want a satellite av 
receiver? 


Not part of the competition but ~ tell your Ed 
on a separate piece of paper: 


5) What you like about PE 
6) What you don't like about PE 


Name (in block letters) 
Address 
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It's no secret... 


Ke 
e 
«4 


_., that there is a rea/ difference at Cricklewood Electronics. 

That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS 
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service 
from the U.K.’s number one 100% component shop. No gimmicks, no gadgets or 
computers, just Components, millions of them, all easily available by mail order, 
calling or credit card telephone orders. Just pick up the phone (or a pen) to get your 
FREE copy now (no SAE required). You have nothing to lose 


CRICKLEWOOD ELECTRONICS LIMITED 
40 Cricklewood Broadway, London NW2 3ET 


Tel: 01-450 0995/01-452 0161 
Telex: 914977 


=F 


(¢ 


INDEX TO ADVERTISERS 


ADM Electronic Supplies .... 59 
Astronomy Now 
Airlink Transformers 
Barrie Electronics 
BiPak Components 
B.K. Electronics 
Be Se i ae 23 
Classified Ads 
Coles Harding 
Computer Field 
Maintenance 
Cricklewood Electronics 
Crofton Electronics 
C.R. Supply Co. 


Fraser FAS Fiche ani 59 
Fuselodge 


Grandata 


Hart Electronics 
J.P.G. Electronics 
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London Electronics 
College 

Maplin Electronics 

Matrix Systems 

Menda Scope 

Microkit 


Scientific Wire Co. 

Service Trading Co. 

Soft Machine 

Specialist Semiconductors. 34 
Stewart of Reading 


Technomatic 

T.K. Electronics 
T-Systems 
Viewcom 
Xen-Electronics 
Zenith Electronics 





PLEASE MENTION 
PRACTICAL ELECTRONICS 


WHEN REPLYING 
TO ADVERTISEMENTS 









































MAINS ISOLATORS 30/15V or 15-0-15V 
PriSec 120Vx2 OR 2x 15V Tap Secs 
220/240V OR 415/440V 30V 15V £ P&P 
(SEC 440V OR 240V OR 0.5 1 366 1.41 
110V C. Tap) 1 2 5.24 1.70 
20VA £7.60 P 2.18 2 4 847 1.92 
60 11.51 & 2.31 3 6 982 2.10 
100 13.43 P 2.59 BBB TAS ea 
200 19.03 3.10 5 M 10 1449 2.31 
250 23.01 3.24 6 P 12 16.40 2.55 
500 35.45 3.66 8 S 16 21.95 2.60 
1000 64.28 4.62 10 20 25.32 2.64 
1500 82.92 5.95 12 24 28.07 2.95 
2000 99.76 6.36 15 20 +3166 3.51 
3000 139.39 OA 20 40 43.22 5.95 
6000 298.89 OA 
60/30V or 30-0-30V 
50/25V or 25-0-25V 2x30V Tapped Secs 
2x 25V Tapped Secs 60V 30V £ P&P 
50V 25V (Rar 0.5 1 569 1.85 
0.5 1 5.01 1.76 1 2 8.67 1.91 
1 2 6.09 1.90 2 4 11.16 2.20 
2A 4 10.84 2.20 Kee, Sat Bes |) ees S| 
3 4M 6 12.54 2.25 4 MM 8 18.38 2.55 
4 P 8 17.16 2.58 § P 10 23.23 - 2.78 
6.<°$):..%2 21.84 2.79 6 S 12 2650 3.02 
8 16 30.89 3.15 8 16 37.25 3.65 
10 20 36.66 3.60 10 20 43.37 3.99 
12 24 43.87 3.80 12 24 49.98 4.65 


PLEASE ADD 15% VAT TO ALL ITEMS AFTER P&P 


Unit 211. Stratford Workshops. 
'SiUl aie) gem niey-\e mm Me) alee) ai ol fod 2~) a 


VARIABLE VOLTAGE TRANSFORMERS 


INPUT 220/240V AC 50/60 OUTPUT 0-260V 
200W 0.1 amp max£19.50 p&p £3.00 (£25.88 inc VAT) 
-0.5KVA 2.5 amp max £22.00 £3.75 (£29.60 inc VAT) 
-1KVA Sampmax £31.00 £4.25 (£40.54 inc VAT) 
2KVA10ampmax £45.00 £5.50 (£58.08 inc VAT) 
3KVA15 amp max £59.00 £6.25 (£75.05 inc VAT) 


5KVA 25 amp max £105.00 

10KVA50 amp max £190.00 ? e 
15KVA75 amp max £285.00 gO: 
Carriage on request | 4 aes 
3-PHASE VV TRANSFORMERS | 

Dual input 200-240V or 380-415V Star Connected 3KVA 
6KVA 10KVA available. Phone for details. 
COMPREHENSIVE RANGE OF TRANSFORMERS-LT- 
ISOLATION & AUTO (110-240V Auto transfer either 
cased with American socket and mains lead or open 
frame type. Available for immediate delivery. 

UNTRA VIOLET BLACK LIGHT FLUORESCENT TUBES 


4ft 40 watt £10.44 (£12.00 inc VAT) Caller only 
. 2ft 20 watt £7.44 + £1.25 p&p (£9.99 inc VAT) 





























13in 10 watt £5.50 + 75p p&p (£7.19 inc VAT) 

12in 8 watt £4.50 + 75p p&p (£6.04 inc VAT) 
Yin 6 watt £3.60 + 50p p&p (£4.72 inc VAT) 
6in 4 watt £3.60 + 50p p&p (£4.72 inc VAT) 


230V AC BALLAST KIT for either 6in, 9in or 12in tubes 
£5.50 + 55p p&p (£6.96 inc VAT) 
For 13in tubes £6.00 + 75p p&p 
(£7.75 inc VAT) 


400 WATT UV LAMP & BALLAST 
Complete £56.80 + £3.50 p&p 

(£69.35 inc VAT) 

400 WATT UV LAMP 

Only £28.00 + £2.50 p&p (£35.08 inc VAT) 


175 WATT SELF BALLASTED BLACK LIGHT 
MERCURY BULBS Available with BC or ES 
fitting £14.00 + £1.25 p&p (£17.54 inc VAT) ff 


3 
12 VOLT BILGE PUMPS aa, 
Buy direct from the importers 
500 GPH 15ft head 3 amp 
£12.08 + £1.50 p&p (£15.62 inc VAT) 
700 GPH 10ft head 3.5 amp 
£15.50 + £1.50 p&p (£19.55 inc VAT) 
1750 GPH 15ft head 9 amp 
£19.25 + £2.00 p&p (£24.44 inc VAT) 


EPROM ERASURE KIT 

Build your own EPROM ERASURE for a fraction of 
the price of a made-up unit kit of parts less case 
includes 12in 8 watt 2537 Angst Tube Ballast unit 
pair of bi-pin leads neon indicator on/off switch 
safety microswitch and circuit £13.60 + 75p p&p 
(£16.50 inc VAT) 

































SANGAMO WESTON TIME Type S251 
200/250V AC 2 on/2 off every 24 hours 20 amp contracts 
with override switch. Suitable for immersion heaters 
4in Dia x 3in high £9.50 + £1.50 p&p (£12.65 inc VAT) 
R&T. Also available with solar Dial Other Time Switches 
available from stock. 











Ample 
Parking Space 


Showroom open 
Monday/Friday 









TRANSFORMERS ex.srock 









NMS = NEW MANUF SURPLUS 
R&T = RECONDITIONED AND TESTED 


SERVICE TRADING CO 


57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 
01-995 1560 
ae ACCOUNT CUSTOMERS MIN. ORDER £10 






AUTOS 
105, 115, 220, 230, 240V 
24/12V or 12-0-12V For step-up or down 
2x 12V Secs. Pri. 240V 80VA £5.86 P 1.70 
12V 24V £ P&P 150 8.49 & 1.85 
0.3 0.15 2.92 1.10 250 10.34 P 1.98 
0.5 0.25 3.08 1.60 500 16.12 2.68 
1 0.5 3.70 1.60 1000 28.79 3.25 
2 1 5.15 1.70 1500 34.17 3.68 
4 2 5.94 1.90 2000 51.09 4.62 
6 A 3 9.31 2.05 3000 86.88 5.72 
8 M 4 10.89 2.10 4000 112.78 OA 
2:70 6 13.20 2.25 5000 131.33 OA 
1666S 8 15.73 2.60 7500 202.71 OA 
20 10 (21.17 3.04 10KVA 239.53 OA 
30 15 26.31 3.10 
40 20 37.56 3.75 CASED AUTOS 
60 3% 53.92 4.90 240V Cable input 
83 41 62.09 5.65 115V USA socket outets 
20VA £8.34 P 1.76 
INVERTERS 80 11.33 & 1.87 
12/24V DC to 240V AC 150 14.67 P 2.20 
100W to 4kW 250 17.87 3.02 
CONSTANT VOLTAGE 500 29.32 3.19 
TRANSFORMERS FOR 1000 40.29 4.34 
Spike-tree stable mains 2000 73.33 5.28 
ALSO VALVE MAINS 3009 105.26 OA 
OUTPUT & MATCHING 110V to 240V Cased Types 
TRANSFORMERS Now Available 
org cieenong Full range AVOs MEGGERS 
Stock items by return TOROIDALS 
Wound to Order 


BARRIE ELECTRONICS LTD 
Tel: 01-555 0228 (3 lines) 

















SUPER HY-LIGHT STROBE KIT 
Designed for Disco, Theatrical users etc. 

Approx 16 joules. Adjustable speed £45.00 + £2.00 
p&p (£54.05 inc VAT) 

Case and reflector £17.00 + £2.00 p&p (£21.85 inc VAT) 
SAE for further details including Hy-Light and 
industrial Strobe Kits. 


WIDE RANGE OF XENON FLASHTUBES 


Write/Phone your enquires 


SOLID STATE RELAY 

Single make will switch up to 250 V AC 10 amp. 
operating voltage 3-32 V DC silent contactless opto- 
isolated. Fraction of maker's price £3.00 + 50 p p+p. 
Total inc VAT £4.03. 


SPECIAL OFFER AC CAPACITORS 

1.5 MFD 440V £2.00 5 MFD 440V £4.00 

2 MED 440V £2.50 5.4 MFD 280V £2.00 
4.1 MFD 440V £3.50 6 MFD 660V £4.00 
p+p 50p per unit plus VAT to be added to total. 


ROBOT ENTHUSIASTS 

Minature DC geared motor mfc by Siemens reversable. 
24V DC 10rpm 50ma, 12V DC 5 rpm 35ma size 52 x 38 
x 60mm, shaft 5mm dia x 20mm long. Brand new price 
£10 + 75p (p&p) inc VAT £12.36. 


38.3 RPM GEARED MOTOR Torque 35lb in 
reversible 115V AC inc start capacitor £14.00 + £2.00 
p&p (£18.40 inc VAT) 


Suitable transformer for 240V AC operation. 
£5.20 + £1.00 p+p. Total inc. VAT £7.13 


57RPM 240V 

Continuously rated reversible 60lb/in Manufactured by 
GEC. New ideal for garage doors, curtains etc. Incl 
capacitor. Only £18.00 + £2.00 p&p (£23.00 inc VAT) 


SOLID STATE EHT UNIT 

Input approx 230V AC, Output approx 15KV. Producing 
10mm spark. Built-in 10 sec timer. Easily modified for 
20 sec, 30 sec to continuous. Designed for boiler 
ignition. Dozens of uses in the field of physics and 
electronics. eg supplying neon or argon tubes etc. Price 
less case £8.50 + £1.00 p&p (£10.93 inc VAT) NMS 


COOLING FANS-BRAND NEW! 

200/240V AC American Boxer ‘Pewee’ 7-bladed high 
efficiency cooling unit 80mm sq x 40mm deep 40cm 
approx 

American Boxer ‘mini’ 5-bladed 92mm sq x 38mm 
deep 50cfm approx 

Either type at fraction of manuf’s price £8.00 + £1.00 
p&p (£10.35 inc VAT) 

SMFI-CROUZET ‘Mini’ 115V AC 5-bladed 92mm sq x 
25mm deep 40cfm approx. Price £6.00 + £1.00 p&p 
(£8.05 inc VAT) 


EX-EQUIPMENT FANS 120mm sq x 38mm deep in 
either 115V or 230V AC Tested and guaranteed Price 
£7.75 + £1.00 p&p (£7.76 inc VAT) 




































































Personal caller only 
Open Saturdays 


9 Little Newport Street 
London WC2H 7JJ 
Tel: 01-437 0576 
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OVP POWER AMPLIFIER 
IMP POWER AM PLIFIER M J] DULES Now enjoy a 


rorld-wide reputation for quality, reliability and performance at a realistic price Four models 
vailable to suit the needs of the professional and hobby market. 1.e., Industry, Leisure, 
istrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal 
ower supply, Integral heat sink, Glass fibre P.C.B., and Drive circuits to power compatible 
‘'u meter. Open and short circuit proof Supplied ready built and tested. 


OMP100 Mk II Bi-Polar Output power 110 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 15Hz - 30KHz —3dB, T.H.D. 0.01%, 
S.N.R. —118dB, Sens. for Max. output 
500mvV at10K, Size 355 xk 115 X 65mm. 
PRICE £33.99 + £3.00 P&P. 


SRE TILE ESE INL DLE PEE EEN EEE EEG 
OMP/MF100 Mos-Fet Output power 110 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
80, Slew Rate 45V/uS, T.H.D. Typical 
0.002%, Input Sensitivity 500mvV, S.N.R. 
—125dB. Size 300 X 123 k 60mm. PRICE 
PRICE £39.99 + £3.00 P&P. 


EA IS AEA AE EP PY OIG AT LEAR LT REE B 
OMP/MF200 Mos-Fet Output power 200 
watts RMS. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
250, Slew Rate 50V/uS, T.H.D. Typical 
0.001%, Input Sensitivity 5}00mV, S.N.R. 
—130dB. Size 300 * 150 k 100mm. PRICE 
PRICE £62.99 + £3.50 P&P. — 


RETRIAL 6 NS EL IE IOS RRS IE CS IRIS NSE A ERE A 
OMP/MF300 Mos-Fet Output power 300 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
350, Slew Rate 60V/uS, T.H.D. Typical 
0.0008%, Input Sensitivity 500mV, S.N.R. 
—130dB, Size 330 k 147 k 102mm. PRICE 
PRICE £79.99 + £4.50 P&P. 

SLA LAE LLL EINE RE ORLA SR. BSD SPLEEN URE IERIE 


OTE: Mos-Fets are supplied as standard (1 OOKHz bandwidth & Input Sensitivity 5|00mV). If required, 
A. version (SOKHz bandwidth & Input Sensitivity 775mV). Order — Standard or PA 











Vu METER Compatible with our four amplifiers detailed above. A 
very accurate visual display employing 11 L &.D. diodes (7 green, 4 
red) plus an additional on/off indicator. Sophisticated logic control 
circuits for very fast rise and decay times. Tough moulded plastic 
«case, with tinted acrylic front. Size 84 * 27 » 45mm 

ad 2% PRICE £8.50 + 50p P&P. 








OUDSPEAKERS 5” to 15” up to400 WATTS R.MS. 
abinet Fixing in stock. Huge selection of McKenzie 
oudspeakers available including Cabinet Plans. Large 
A.E. (28p) for free details. 

OWER RANGE 

” 50 WATT R.MS. Hi-Fi/ Disco. 

0 oz. magnet. 11,” ally voice coil. Ground ally fixing escutcheon. Res. Freq 40Hz. Freq. Resp. to 
KHz. Sens. 92dB PRICE£10 99Available with black grille £11.99 P&P £1.50 ea 


2” 100 WATT R.M:S. Hi-Fi/Disco 
9 oz. magnet. 2” ally voice coil. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res 


% a 
Fin le 


req 
5Hz. Freq. Resp to 4KHz. Sens 95dB. PRICE £28.60 + £3.00 P&P ea 


CK ENZIE 
2” 85 WATT R.M.S. C1285GP Lead Guitar/Keyboard/Disco. 
” ally voice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to 6-5KHz. Sens. 98aB. 
RICE £29.99 + £3.00 P&P ea. 
2” 85 WATT R.M.S. C1285TC P.A./Disco 2” ally voice coil. Twin cone. 
2s. Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £31.49 + £3.00 P&P ea. 
5” 150 WATT R.M.S. C15 Bass Guitar/Disco. 
” ally voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Resp. to 4KHz. PRICE £57.87 + £4.00 P&P ea. 
0” 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A. 
” voice coil. Res. Freq. 75Hz. Freq. Resp. to 7-5KHz. Sens. 99dB. PRICE £19.99 + £2.00 P&P. 
0” 200 WATT R.M.S. C10200GP Guitar/Keyboard/Disco. 
” voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £44.76 + £3.00 P&P. 
5” 200 WATT R.M.S. C15200 High Power Bass. 
es. Freq. 40Hz. Freq. Resp. to 5KHz. Sens. 101dB. PRICE £62.41 + £4.00 P&P. 
5” 400 WATT R.M.S. C15400 High Power Bass. 
es. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £89.52 + £4.00 P&P. 
| ERSUSER ERA Ie LR TRAE TB TNT AN EET TIE EES EL LY I BEL OTE EE LI DEEN OE REN. TSE ABE 
/EM 
”70 WATT R.M.S. Multiple Array Disco etc. 
” voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89dB. PRICE £22.00 + £1.50 P&P. ea. 
“150 WATT R.M.S. Multiple Array Disco etc. 
” voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £32.00 + £1.50 P&P ea. 
0” 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
1” voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £36.00 + £2.00 P&P ea. 
be 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
4” voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PRICE £47.00 + £3.00 P&P ea. 
RRMA TRACT LES APSR IA IG EA EASE MRR Ss EE PS EUS EE BONAPARTE SOI EES SET PELE GO SN RET TIS ECE EI NDNA EI aNd Ee EE 


OUNDLAB (Full Range Twin Cone) 

“60 WATT R.M:S. Hi-Fi/Multiple Array Disco etc. 

’ voice coil. Res. Freq. 63Hz Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9.99 + £1.00 P&P ea 
v,"" 60 WATT R.M:S. Hi-Fi/Multiple Array Disco etc. 

’ yoice coil. Res Freq. 56Hz. Freq. Resp. to 2OKHz. Sens. 89dB. PRICE £10. 99+ £1.50 P&P ea 

“ 60 WATT R.M:S. Hi-Fi/Multiple Array Disco etc. 7 

¥," voice coil. Res. Freq 38Hz Freq Resp. to 20KHz. Sens. 89dB PRICE £12.99 + £1.50 P&P ea 
»” 60 WATT R.M.S. Hi-Fi/Disco etc. 

/,"’ voice coil. Res. Freq. 35Hz. Freq. Resp. to 15KHz. Sens. 89dB. PRICE £16.49 + £2.00 P&P 


HOBBY KITS. Proven designs including glass... 
fibre printed circuit board and high quality 3 
“components complete with instructions. ‘ 
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive 
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 volt) 
Price: £8.62 + 75p P&P. 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controtied 
professional performance. Range up to 3 miles 35 x 84 x 12mm 
(12 vohk) Price: £14.49+ 75p PAP. 
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/ 
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation. 
Receiver output operates relay with 2amp/240 volt contacts. Ideal for 
many applications. Receiver 90 x 70 x 22mm (9/12 volt). Price: 
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.29 


P&P + 75p each. S.A.E. for complete list. 3 watt FM 








m) POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL 

VISA ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT - 
= | BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER 
——~ VISA/ACCESS/C.0.D. ACCEPTED. 
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MODULES 


Transmitter 







SERVICE x LARGE S.A.E. 28p STAMP FOR 


BURGLAR ALARM 


Better to be ‘Alarmed’ then terrified. 

Thandar's famous ‘Minder’ Burglar Alarm System. 
Superior microwave principle. Supplied as three units, 
complete with interconnection cable. FULLY 
GUARANTEED. 

Control Unit — Houses microwave radar unit, range 
up to 15 metres adjustable by sensitivity control. 
Three position, key operated facia switch — off — test 
— armed. 30 second exit and entry delay. 
Indoor alarm — Electronic swept freq. 
104dB output. z 
Outdoor Alarm — Electronic swept freq. siren. 98dB ¢§ 
output. Housed in a tamper-proof heavy duty metal j 
case. 

Both the control unit and outdoor alarm contain re- 
chargeable batteries which provide full protection 
during mains failure. Power requirement 200/260 Volt 
AC 50/60Hz. Expandable with door sensors, panic 
buttons etc. Complete with instructions 


SAVE £138.00 Usual Price £228.85 
BKE’s PRICE £89.99 + £4.00 P&P 


? Why buy a collection of self-assembly boards! 


OMP LINNET LOUDSPEAKERS 


The very best in quality and value. Made speciaily to suit todays 
need for compactness with high sound output levels. Finished in 
hard wearing black vynide with protective corners, grille and carry 
handle. All models 8 ohms. Full range 45Hz - 20KHz. Size 20” x 
15" x 12”. Watts R.M.S. per cabinet. Sensitivity 1W. 1mtr. dB. 


OMP 12-100 Watts 100dB. Price £149.99 

per pair. 

OMP 12-200 Watts 102dB. Price £199.99 

per pair. Delivery: Securicor £8.00 per pair 


0)2319 


RRENT L 


IDEAL for Work- 
shops, Factories, 
Offices, Home, 
etc. Supplied 
ready built. 






















siren. 

















































1 K-WATT 
SLIDE DIMMER 


* Control loads up 
to 1Kw 

‘* Compact Size 
43," X 1" K 24%" 
* Easy snap in fix- 
ing through panel, 
cabinet cut out 

* Insulated plastic 
case 

* Full wave con- 
trol using 8 amp 
triac 

x Conforms to 


" STEREO RACK AMPS 












‘Professional 19” cased Mos-Fet stereo 
amps. Used the World over in clubs, pubs, 
discos etc. With twin Vu meters, twin 
toroidal power supplies, XLR connections. 
MF600 Fan cooled. Three models (Ratings 
R.M.S. into 4ohms). Input Sensitivity 775mv 

MF200 (100 + 100)W. £169.00 Securicor 
MF400 (200 + 200)W. £228.85 Delivery 
MF600 (300 + 300)W. £322.00 £10.00 




















BS800 

* Suitable for both resist- 
ance and inductive loads. In- 
numerable applications tn 
industry, the home, and 
disco’s, theatres etc 


PRICE £13.99 + 75p P&P 






























BSR P295 ELECTRONIC TURNTABLE 


* Electronic speed control 45 & 33',1r.pm. * Plus 
Minus variable pitch control * Belt driven * Alu- 
minium platter with strobed rim * Cue lever * Anti- 
skate (bias device) * Adjustable counter balance * 
Manual arm * Standard '," cartrige fixings * 
Supplied complete with cut,out template * D.C. 
Operation 9-14v D.C. 65mA 

Price £36.99 — £3.00 P&P. 





ADC Q4 mag. cartridge for above. Price £4.99 ea. 
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PIEZO ELECTRIC TWEETERS MOTOROLA 


Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an 
improved transient response with a lower distortion level than ordina,y dynamic tweeters As a 
crossover is not required these units can be added to existing speaker systems of up to 100 watts 
(more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER. 


TYPE ‘A’ (KSN2036A) 3” round with protective wire 
mesh, ideal for bookshelf and medium sized Hi-fi 
speakers. Price £4.90 each + 40p P&P 

TYPE ‘B’ (KSN1005A) 3/.” super horn. For general 
purpose speakers, disco and P.A. systems etc. Price 
£5.99 each + 40p P&P 

TYPE ‘C’ (KSN6016A) 2” 5” wide dispersion 
horn. For quality Hi-fi systems and quality discos etc 
Price £6.99 each + 40p P&P 

TYPE ‘D’ (KSN1025A) 2” 6” wide dispersion 
horn. Upper frequency response retained extending 
down to mid range (2KHz). Suitable for high quality 
Hi-fi systems and quality discos. Price £9.99 each 
+ 40p P&P 

TYPE ‘E’ (KSN1038A) 3%," horn tweeter with 
attractive silver finish trim. Suitable for Hi-fi monitor 
systems etc. Price £5.99 each + 40p P&P 

LEVEL CONTROL Combines on a recessed mount- 
ing plate, level control and cabinet input jack socket 
85 x 85 mm. Price £3.99 + 40p P&P 
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TYPE D 





STEREO DISCO MIXER EN 
STEREO DISCO MIXER with 2 * 5 bandL. & 
R. graphic equalisers and twin 10 segment 
L.E.D. Vu Meters. Many outstanding features 
5 Inputs with individual faders providing a 
useful combination of the following: — 

3 Turntables (Mag), 3 Mics, 4 Line plus Mic 
with talk over switch. Headphone Monitor 
Pan Pot. L. & R. Master Output controls. Out- 
put 775mV. Size 360 « 280 x 90mm 

Price £134.99 — £3.00 P&P 
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B. K. ELECTRONICS»... 


UNIT 5, COMET WAY, SOUTHEND-ON-SEA, 
ESSEX: SS2 GTR TEL: O702-527572 
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